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(g) ^-Arylamino-benzopyran and related compounds. 

@ Compounds having the formula 
I 




^ and phamiaceutically acceptable salts thereof wherein X Is alkyi, Y is a single bond, -CH2-, -C(0)-, -0-. 
^ -S- or -N(R*)- where R® is hydrogen, alkyi, haloalkyi, aiyl, arylalkyi, cydoalkyi or (cydoalkyl)alkyl, and 

to R^ are as defined herein. These compounds have potassium channel activating activity and are 
J§ useful, therefore for example, as cardiovascular agents. 
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This application is a continuation-in-part of U.S. application serial No. 08/134,034, filed Octok>er 7, 1993; 
Incorporated by reference herein. 

The present Invention is dlre^ed to compounds of the formula 




and pharmaceutical ly acceptable salts thereof. As used in formula i. and throughout the specification, the synr>- 
bols have the following meanings: 

a, b and d are all carbon atoms or one of a, b and d Is a nitrogen atom or -N(0)- and the others are 
carbon atoms; 

20 Y is a single bond, -CH2-, -C(0)-, -0-, -S-or -N(R»)-; 

R'' is aryl or heterocycio; 

R2 is -COOR8 -CO-amino, -CO-substituted amino, amino, substituted amino, -NRsCO-amino, -NRaCO- 
substituted amino, -NR8C0R», -NR^SOaR*. -NR«(C=NCN)-amino. -NR8{C=NCN)-substituted amino, 



-P(0.alkylh , -P^o^jf -pC., 

^-alkyl 

-SR«, -SOR8, -SO2R®. -OR8, cyano, heterocycio, pyridine-N-oxide, -CH(OR*)2. 



-r>. <r°- Y^ 

(where Z is O or IH2) or 

40 

NR^R^ O 
-C=CH-C-R*; 

45 

R3 is hydrogen, hydroxy or -0C(0)R8; 

R4 and R^ are each independently hydrogen, allcyl or aryialkyl, or R^ and R^ taken together with the car- 
bon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R^ is hydrogen, alkyi, haioalkyi, alkenyl, alkynyl, cycloalkyi, aryialkyl, (cycloalkyl)alkyl, -CN, -NO2, 
50 -C0R8 -COOR« -CONHRfl -CONRW, -CF3, -S-alkyl. -SOalkyI, -SOzaikyI, 

O 

-P(0-alkyl)2 , 
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to-, , 

5 

halogen, amino, substituted amino. -0-alkyl, -OCF3. -OCH2CF3, -OCOalkyl. -OCONRSalkyt, -NR«COaIkyl, 
-NR^COOalkyl or-NR^CONR^ tetrazolyt, imidazole, oxazole or triazole; 

R7 is hydrogen, alkyi, hydroxy. -0-alkyl, amino, substituted amino. -NHCORe, -CN or -NO2; 
R8 and are independently hydrogen, alkyl. haloalkyi, aryl. arylalkyl. cycloalkyi or (cydoalkyl)alkyl; 
10 X is alkyl; or X-R2 together can be hydrogen, aryl or heterocycio when R^ is heterocydo; and 

n is an integer of 1 to 3. 

The compounds of this Invention possess antiischemic activity and are useful, for example as cardiovas- 
cular agents. 

The present invention provides for compounds of formula I, pharmaceutical compositions employing such 
15 compounds and for methods of using such compounds. Listed below are definitions of various terms used to 
describe the compounds of the instant invention. These definitions apply to the tenms as they are used through- 
out the specification (unless they are otherwise limited in specific instances either individually or as part of a 
larger group). 

The term "alkyl" refers to both straight and branched chain groups having 1 to 8 carbon atoms preferably 
20 1 to 5 carbons, such as methyl, ethyl, propyl, butyl, pentyl, hexyt, heptyl, octyl. the various branched chain 
isomers thereof, such as isopropyl, t-butyl, iso butyl, isohexyl. 4,4-di methyl pentyl, 2,2,4-tri methyl pentyl and the 
like as well as such groups having a halo substituent (such as CCI3 or CF3), an alkoxy substituent. an aryl 
substituent. an alkylaryl substituent, a haloaryl substituent, a cycloalkyi substituent. a (cycloalkyl)alkyl sub- 
stituent, a hydroxy substituent. an alkylamino substituent. an alkyl-substituted amino substituent, an alkanoy- 
25 lamino substituent. an arylcarbonytamino substituent. a nltro substituent, a cyano substituent, a thk)l substitu- 
ent or an alkylthlo substituent. 

The tenm "alkoxy" refers to any of the above alkyl groups linked to an oxygen atom. 
The term "alkylthlo" refers to any of the above alkyl groups linked to a sulfur atom. 
The term "alkenyl" refers to any of the above alkyl groups further containing at least one carbon to carbon 
30 double bond. 

The term "alkynyl" refers to any of the above alkyl groups further containing at least one carbon to carbon 

triple bond. 

The term "cydoalkyl" refers to saturated cyclic hydrocarbon groups containing 3 to 7 ring carbons with cy- 
clopropyl, cydopentyl and cydohexyl being preferred. 
35 The temn "halogen" or "halo" refers to chlorine, bromine, iodine and fluorine. 

The term "aryl" refers to phenyl, 1-naphthyl, 2-naphthyl; phenyl, 1-naphthy1, 2-naphthyl, mono-substituted 
with (Ci-C4)-alkyl. (Ci-C4)-alkylthio, (Ci-C4)-alkoxy, halo, nitro, cyano, hydroxy, amino, (alkyl)amino, alkyl-sub- 
stituted amino, -NH-(Ci-C4}-alkyl, -N((Ci-C4)-alkyl), -CF3. -OCHF2, 



40 



2 



45 (where is hydrogen. (Ci-C4)-alkyl. (Ci-C4)-alkylthio. (Ci-C4)-alkoxy, halo, hydroxy or-CFg), -O-CHz-cydoalk- 
yl. or-S-CH2-cydoaIkyl; and phenyl. 1-naphthyl or 2-naphthyl, di-substituted with methyl, methoxy, methylthio. 
halo, -CF3, nitro. amino. -OCHF2, carboxylic acid or carboxylic ester. The term "aryl" also indudes those groups 
listed above fused to a five- or six-membered ring which optionally contains an O, S or N atom (the nitrogen 
atom being substituted by an R^ group). Preferred aryl groups indude unsubstituted phenyl and monosubsti- 

50 tuted phenyl wherein the substituents are (Ci-C4)-alkyl, methoxy, halo, nitro, cyano or -CF3. 

The term "heterocydo" or "hetero" refers to fully saturated or unsaturated rings of 5 or 6 atoms containing 
one or two oxygen or sulphur atoms and/or one to four nitrogen atoms provkJed that the total number of hetero 
atoms In the ring is four or less. The hetero ring is attached by way of an available atom. Prefenred monocyclic 
hetero groups Indude 2- and 3-thienyl, 2- and 3-furyl, 2-. 3- and 4-pyridyl and Imidazolyl. The term "hetero" 

55 also indudes bicydic rings wherein the five- or six-membered ring containing oxygen or sulphur and/or nitrogen 
atoms as defined above is fused to a benzene ring and the bicydic ring is attached by way of an available 
carbon atom. Preferred bicydic hetero groups Include 4-, 5-, 6- or 7-indolyl, 4-, 5-, 6- or 7-isolndoIyl, 5-, 6- 
7- or 8-quinolinyl, 5-, 6-, 7- or 8-isoquinolinyl, 4-, 5-, 6- or 7-benzothiazolyl, 4-, 5-, 6- or 7-benzoxazo!yl, 4-, 5-, 

3 
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6- or 7-benzjmidazolyl, 4-, 5-, 6- or 7-ben20xadlazoIyl and 4-, 5-, 6- or 7-benzofuranzanyt. 

The term '*heterocyclo" or "hetero** also includes such monocyclic and bicyciic rings wherein an available 
carbon atom Is substituted with a (Ci-C4)-allcyi, aryl. (Ci-C4)-alkyithio. (Ci-C4)-alkoxy, halo, nitro. keto, cyano, 
hydroxy, azo, thiazo. amino, -NH-(CrC4)-alkyl, -N((Ci-C4)-alkyl)2. -CF3, (aminpester)alkyl, carboxylic acid, car- 

5 boxylic ester, -OCHF2 or (Ci-C4)-alkoxy further substituted with a carboxylic acid or such nnonocyclic and bi- 
cyclic rings wherein two or three available carbons have substituents selected from methyl, methoxy. methylth- 
io, halo, -CF3, nitro, hydroxy, amino and -OCI-IF2. 

The term "substituted amino" refers to a group of the formula -NZ^Z^ wherein 7? is hydrogen, alkyl. cy- 
cloalkyl, aryl, arylalkyi, (cycloalkyl)alkyl. morpholinylalkyi, hetercydo or (h6terocyclo)a!kyl and 7? is hydrogen, 

fo alkyl, cycloalkyi, aryl, arylalkyi, haloalkyi, hydroxyalkyi, alkoxyalkyi, thtoalkyi, (cycloalkyt)alkyl or hydroxyalkyl 
further substituted with a carboxylic ester or carboxylic acid, with the proviso that when Z^ Is hydrogen, then 
7? Is other than hydrogen; or and Z^ taken together with the nitrogen atom to which they are attached are 
1-pyrrolidlnyl, 1-piperidiny1, 1-azepinyl, 4-morpholinyl, 4-thiamorpholinyl, 1-piperazinyl, 4-alkyl-1-piperazinyi, 
4-arylalkyl-1-piperazinyl, 4-diarylalkyl-1-piperazlnyi, 1 -pyrrol idinyl, l-piperidinyl, or 1-azepinyl, optionally sub- 

iS stituted with alkyl, alkoxy, alkylthio, halo, trifluoromethyl or hydroxy. 

The compounds of formula I can be present as salts, in particular pharmaceutically acceptable salts. If 
the compounds of formula i have, for example, at least one basic center, they can form acid addition salts. 
These are formed, for example, with strong inorganic acids, such as mineral acids, for example sulfuric acid, 
phosphoric acid or a hydrohallc acid, with strong organic carboxylic adds, such as alkanecarboxyllc acids of 

20 1 to 4 carbon atoms which are unsubstltuted or substituted, for example, by halogen, for example acetic acid, 
such as saturated or unsaturated dicarboxyllc acids, for example oxalic, malonic, succinic, maleic, fumaric. 
phthalic or terephthalic acid, such as hydroxycarboxylic acids, for example ascorbic, glycol ic, lactic, malic, tar- 
taric or citric acid, such as amino acids, (for example aspartic or glutamic acid or lysine or arginine), or benzoic 
acid, or with organic sulfonic acids, such as (CrC4)-alkyl- oraryl-sulfonic acids which are unsubstltuted orsub- 

25 stituted, for example by halogen, for example methane- or p-toluene-sulfonic add. Corresponding add addition 
salts can also be formed having, if desired, an additionally present basic center. The compounds of formula I 
having at least one acid group (for example COOH) can also form salts with bases. Suitable salts with bases 
are. for example, metal salts, such as alkali metal or alkaline earth metal salts, for example sodium, potassium 
or magnesium salts, or salts with ammonia or an organic amine, such as morpholine, thiomorpholine, piperi- 

30 dine, pyrrolidine, a mono-, dl- or tri-lower alkylamine, for example ethyl-, tert-butyl-, diethyl-, diisopropyi-, trie- 
thyl-, tributyl- or dimethyl propylamine, or a mono-, di- or trihydroxy lower alkylamine, for example mono-, di- 
or triethanolamine. Corresponding internal salts may furthermore be formed. Salts which are unsuitable for 
pharmaceutical uses but which can be employed, for example, for the isolation or purification of free com- 
pounds I or their pharmaceutically acceptable salts, are also induded. 

35 Preferred salts of the compounds of formula I indude monohydrochloride, hydrogensulfate. methanesul- 
fonate, phosphate or nitrate. 

All stereoisomers of the compounds of the Instant Invention are contemplated, either in admixture or in 
pure or substantially pure form. The compounds of the present invention can have asymmetric centers at any 
of the carbon atoms induding any one of the R substituents. Consequently, compounds of formula I can exist 

40 in diastereomeric fonms or in mixtures thereof. The above described processes can utilize racemates, enan- 
tiomers or diastereomers as starting materials. When diastereomeric produds are prepared, they can be sepa- 
rated by conventtonal methods for example, chromatographic or fractional crystallization. Preferred com- 
pounds are those with the 3R or 4S stereochemistry. 

It should be understood that the present invention includes prodrug forms of the compounds of formula I 

45 such as alkylesters of acids. 

The compounds of the instant invention may, for example, be in the free or hydrate form, and may be ob- 
tained by methods exemplified by the following descriptions. 

Compounds of formula I where is trans-hydroxy and X is CH2. can be prepared by first reacting an ep- 
oxide of formula 

50 

II 



55 




4 




with an amine of formula 

111 R1.NH2 

under heat or preferably In the presence of a Lewis acid such as magnesium perchtorate or trimethylaiuminum 
to provide an intermediate of formula 

IV 

R*-NH 



10 




IS The intenmediate of fonmula IV Is then derivatized by reductive amination using an aldehyde of fomnula 



20 



O 
II 

HCR^ 



in the presence of a reducing agent such as sodium cyanoborohydride or sodium triacetoxyborohydride. Al- 
ternatively, reductive amination can be effected with hydrogen gas in the presence of a catalyst such as pal- 
ladium on carbon. 

25 Compounds of formula I can also be prepared by reacting an epoxide of formula II with an amine of formula 

VI R^-NH-X-R2 

in an organic solvent such as acetonitrile in the presence of a Lewis acid such as magnesium perchlorate or 
cobalt chloride. 

Compounds of formula I wherein is CO-amino or CO-substituted amino, can be prepared by reacting 
30 compounds of formula I wherein R2 is COOR^ with ammonia or an appropriate amine. 

Compounds of fomnula I where R2 is NRSCO-amino, NRSCO-substituted amino, NR^COR*, NR^SOzR^, 
NRfi(C=NCN)-amino or NR8(C=NCN)-substituted amino can be prepared from compounds of formula I where 
R2 is amino or substituted amino by methods described In the literature such as those used for acylation, urea 
formation, sulfonylation and cyanoguanidine formation. 
36 Compounds of formula I where R^ is heterocydo (e.g., benzoxazole) and R^ is trans-hydroxy can also be 
prepared by first reacting an epoxide of formula II with an amine of fonnnula 

Vil H2N-X-R2 

under heat or in the presence of a Lewis acid (magnesium perchlorate, trimethylaiuminum, etc.) to provide an 
Intermediate of fomnula 

40 

Via 



45 




SO The intenmediate of formula VIII is then reacted with a heterocyde containing a leaving group (e.g., 2-chlor- 
obenzoxazole) in the presence of a base such as sodium hydride In an organic solvent such as tetrahydrofuran 
or dimethylfonmamide to form compounds of formula i where R^ is heterocydo and R^ Is trans-hydroxy. 

Other compounds of formula I wherein R^ is heterocydo (e.g., oxazole, pyrazole. isonazole etc.) can be 
prepared from intermediates of formula VIII by standard methods. 
55 Compounds of fonmula I wherein Ri is heterocydo (e.g., thiazole) can also be prepared by alkylation of a 

compound of formula IV with an alkylating agent of formula 

IX L-X-R2 

where L is a leaving group such as a halogen, mesylate or tosylata. 
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Compounds of formula I wherein is hydrogen can be prepared from compounds of formula 
X 



5 




by reaction with an amine of formula VI In the presence of a base such as sodium hydride or potassium car- 
bonate. Alternatively, compounds of fomnula I where is hydrogen can be prepared by first reacting a conn- 
pound of formula X with an amine of formula III in the presence of a base (e.g., sodium hydride) to provide a 
IS compound of formula 

XI 

R^-NH 



20 




25 

The compound of formula XI Is then converted to compounds of formula I where R^ Is hydrogen by methods 
described for the conversion of compounds of fonnula IV to compounds of foniDula I. 

Compounds of formula XI where R^ is hydrogen can also be prepared from the ketone of formula 



35 




and the amine of fonnula III by standard techniques of reductive amination. 
40 The ketone of formula XII can be obtained by standard methodology or by literature procedures, such as 

those disclosed by P. Sebok and T. Timer, Heterocycies, 1988, 27, 2595; P. Teixidor et al., Hetenocyc/es . 1988, 
27. 2459; A. Benerji and N. C. Goomer. T&trahedron LeUers, 1979, 3685; and G. Ariamala and K. K. Subra- 
manian. TetrahBdron Letters. 1988, 29, No.28. 3487-3488. 

The bromide of formula X can be prepared from the olefin of formula 

45 

xra 

by (a) catalytic hydrogenation of the double bond followed by (b) radical bromination using standard methods. 
55 The olefin of formula XIII can be prepared by the methods described for the preparation of compounds of for- 
mula II. 

Compounds of formula XI where R^ Is hydrogen can also be prepared from compounds of formula IV by 
(a) dehydration of the alcohol with sodium hydride in aprotlcsoh/ents such as tetrahydrofuran; and (b) catalytic 
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hydroge nation or reductive amination by sodium cyanoborohydride or sodium triacetoxyborohydride. 

If any of the R substltutents, X or Y groups contain reactive groups such as hydroxy or amino that can 
interfere with the epoxide opening reaction or any other reactions, they shouid be protected with appropriate 
protecting groups. 

5 Compounds of formula li wherein Y is a single bond can be prepared according to D. R. Buckle, et ai., J. 

Med. Chem,, 1991, 34, 919. 

Compounds of formula 11 wherein Y is CH2 can be prepared by methods described in V. A. Ashwood, et 
al., J. Med. Chem., 1991, 34, 3261. 

Compounds of formula II where Y is oxygen, can be prepared by methods described in the literature, such 
10 as by J.M. Evans, et al., J, Med. Chem., 1983. 26. 1582; J.M. Evans, et aL, J. Med, Chem., 1986, 29, 2194; 
R.W. l^ng et al., Helvetica Chimica 4cfa, 1988, 71, 596; European patent 0205292 A2 and POT patent 
87/07607. 

Compounds of formula II where Y is N(R) can be prepared according to PCT patent 85/050083. 
To prepare enantiomers of epoxide II, the olefin of formula Xiil is epoxidized with an oxidizing agent such 
15 as commercial bleach using a metal catalyst such as chiral manganese catalyst of the fontnula 



XIV 



20 



25 




Me Me 

as described by N.H. Lee, et al. { Tetrahedron Letters, 1991 , 32, 5055-5058), to provide predominantly the chiral 
epoxide of formula 



40 




or 

45 



50 




55 depending on the chlrallty of the 1,2>diaminocydohexane used in the preparation of a compound of fonmula 
XIV as described by Lee et al. 

The epoxides of formulae IIAand MB can then be utilized to prepare the chirei compounds of formula I. 
Compounds of fonmula I where R^ is 0C(0)R8 can be prepared from compounds of formula I where R^ Is 
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hydroxy by treatment with an acid chloride of formula 

XV a-C(0)R8 
in the presence of a base cataiyst such as pyridine or triethyiamlne. 

All other compounds of formula I may be prepared by nrxxJif ication of the procedures discussed herein as 
5 known by those sidlled in the art The intermediates used to prepare compounds of formula I are described 
herein or may be derived from known compounds by those skilled in the aK or are commercially available. 

The compounds of the present invention can have asymmetric centers at carbons 2-4 of the bicyclic ring. 
Also, any one of the R's can have an asymmetric carbon. Consequently, compounds of formula I can exist in 
diastereomerlclbnns or in mixtures thereof. The above described process can utilize racemates, enantlomers 
10 or diastereomers as starting materials. When diastereomeric products are prepared, they can be separated 
by conventional chromatographic or fractional crystallization methods. 

The antlischemic and antihypertensive effects of benzopyran based and related potassium channel open- 
ers are usually stereoselective, with the 3S,4R- enantiomer being the more active isomer. However, it has been 
unexpectedly found that compounds of formula I are "selective antlischemic agents" with the 3R.4S-enantlo- 
IS mer being the more potent Isomer. The term "selective antlischemic agent" means that these compounds pos- 
sess little or no vasodilator activity (i.e., these compounds have IC50 (rat aorta) values greater than that of the 
known potassium channel activator, cromakaiim. Therefore, in the treatment of ischemic hearts, the com- 
pounds of the instant invention are less likely to cause coronary steal, profound hypotenston and coronary un- 
der-perfusion. 

20 The preferred compounds of the present inventton are those compounds of formula I where: 
a, b and d are carbon atoms; 
X is alkyi; 

Y is a single bond or -0-; 
Ri is aryl or heterocycio; 

25 R2 is-COOR»-CO-amino. -co-substituted amino, -NHCOCH3.-NHS02Me, -NHCONH2, -NH(C=NCN)NH2, 

imidazole, furan, pyridine, oxazole, hydroxy, -NHCO-substituted amino or -SOaMe; 
R3 is hydroxy; 
R^ and R^ are methyl; 

R^ is cyano, -NO2, -CF3, halo, alkyi ortetrazd; and 

30 R7 is hydrogen. 

Compounds of formula 1 may be used as antlischemic agents, i.e.. for the treatment of ischemic conditions 
such as myocardial ischemia, cerebral ischemia, lower limb ischemia and the like. 

Thus a composition containing one (or a combination) of the compounds of this Inventton, may be admin- 
istered to a species of manvnal (e.g., humans) suffering from an ischemic or hypertensive condition. 

35 A single dose, or two to four divided daily doses, provided on a basts of about 0.001 to about 100 mg per 
kilogram of body weight per day. preferably about 0.1 to about 25 mg per kilogram of body weight per day is 
appropriate. The substance is preferably administered orally, but parenteral routes such as the subcutaneous, 
intramuscular, intravenous or intraperitoneal routes or any other suitable delivery system, such as intranasal 
or transdermal routes can also be employed. 

40 As a result of the potassium channel activating activity of the compounds of this invention, these conrv 
pounds are also useful in the treatment of cardiovascular disorders and any disorders associated with smooth 
muscle contraction. For example, compounds of the present invention are useful as therapy for congestive 
heart failure, therapy for peripheral vascular disorders (e.g. Raynaud's Disease), therapy for pulmonary hy- 
pertension, as antl-anginal agents, as antif Ibrillatory agents, and in limiting myocardial Infarction. 

45 Compounds of the present invention are addittonally expected to be useful In the treatment of central nerv- 

ous system disorders (e.g.. Parkinsonism, as anti-tremor agents, epilepsy), in therapy for renal failure, in ther- 
apy for urinary incontinence, as anti-diarrheal agents, in therapy for pre-eclampsia. dysmenorrhea and pre- 
mature labor, for the treatement of male impotence, as well as for the promotion of hair growth (e.g., in the 
treatment of male pattern baldness), and as anti-asthmatic agents. 

50 The compounds of this invention can also be formulated in combination with a diuretic such as chlorothia- 
zide, hydrochlorothiazide, flumethiazkle, hydroflunnethiazide, bendroflumethiazkle, methylchlothiazide, tri- 
chloromethiazide, polythiazkle or benzthiazide as well as ethacrynk: add tricrynafen, chlorthalidone, f urose- 
mide, musolimlne, bumetanide, triamterene, amiloride and spironolactone and salts of such compounds, an- 
giotensin converting enzyme inhibitors such as captopril. zofenoprii, fosinoprit, enalapril. ceranopril, cilazoprii. 

55 deiapril, pentopril, quinapril, ramipril, lisinopril, and salts of such compounds, thrombolytic agents such as tis- 
sue plasminogen activator (tPA). recombinant tPA, streptokinase, urokinase, prourokinase, and anisoylated 
plasminogen streptokinase activator complex (APSAC, Eminase, Beecham Laboratories), or calcium channel 
blocking agents such as nifedipine or diltiazem. Such combinatk>n products if formulated as a f bced dose em- 
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ploy the compounds of this invention within the dose range described above and the other pharmaceutically 
active agent within its approved dose range. 

The compounds of fonnula I, and combinations thereof, can be fonmulated, as described above, in conv 
positions such as tablets, capsules or elixirs for oral administration, in sterile solutions or suspensions for par- 

5 enteral administration, and may also be administered via transdermal patch or nasal inhalation solutions. About 
10 to at)out 500 milligrams of a compound of formula I is compounded with physiologically acceptable vehicle, 
carrier, excipient. binder, preservative, stabilizer, flavor, etc., in a unit dosage form as called for by accepted 
pharmaceutical practice. The amount of active substance in these compositions or preparations is such that 
a suitable dosage in the rang indicated is obtained. 

10 The following examples and preparations describe the manner and process of making and using the in- 
vention and are illustrative rather than limiting. It should be understood that there may be other embodiments 
which fall within the spirit and scope of the invention as defined by the dafms appended hereto. 

Example 1 

IS 

trans-[(6-Cyano-3/4-dihydro-3-hydroxy-2^-dimethyi-2H-1-benzopyran-4-yi)phenyiamino]acetlc acid, 
ethyl ester 



20 



25 




A solution of 3,4-dihydro-2,2-dimethyl-3,4-epoxy-2H-benzopyran-6-carbonitrile (400 mg, 2.0 mmol, pre- 
30 pared according to Evans et al.. J. Med. Chem., 1983. 26, 1582 and J. Med. Chem. , 1986, 29, 2194) and N- 
phenylglycine ethyl ester (700 mg. 4.0 mmol) in acetonitrile (10 mL) under argon at room temperature was treat- 
ed with magnesium perchlorate (450 n)g, 2.0 mmo\). The mixture was stirred at 45''C for two days; diluted with 
ethyl acetate and washed with 5% sodium bicarbonate^ water and brine. The dried (anhydrous magnesium sul- 
fate) organic solution was concentrated to give an oil. Flash chromatography on silica gel eluting with ethyl 
35 acetate/hexanes (1:10) gave a foam (450 mg). Trituration with hexanes gave the title product (400 mg, 53%) 
as a colorless solid, mp 140-144''C. Analysis calculated for C22H24N2O4: C. 69.46; H, 6.36; 7.36. Found: C, 
69.22; H. 6.37; N, 7.28. 

Example 2 

40 

(3S-tran8)-[(6-Cyano-3Adihydro-3-hydroxy-2^-dlmethyl-2H-1-benzopyran»4-yl)phenyiaminolacetlc 
acid, ethyl ester 



45 



so 




A. (1aS-cls)-1a,7b-Dihydro-2,2-diinethyl-2H-oxlreno-[c][1]benzopyran-6-carfaonitrile 

The title compound was prepared by the procedure described by Lde et al., Tetrahedmn Letters , 1 991 . 
55 32, 5055. 

B. (3S-trans)-[(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dlnnethyl-2H-1-benzopyran-4-yl)phenylaml- 
no]acetic acid, ethyl ester 

The title compound was prepared from the title A compound and N-phenylgiyclne ethyl ester by the 



9 




same procedure as described in Example 1. The product was purified by flash chromatography on silica 
gel eluting with ethyl acetate/hexanes (1 :10) to give a foam which was triturated with hexanes to give the 
title compound as a colorless solid, mp 182-183''C. Analysis calculated for C22H24N2O4 O.24 H2O: C, 68.69; 
6.41; N. 7.28. Found: C. 68.57; H, 6.28; N, 7.40. [ah » -100.3 (c = 1.08, CDQs). 

5 

Examples 

(3R-trans)-[(6-Cyano>3^dlhydro-3*hydroxy-2^imethyi-2H-1-benzopyran-4-yl)phenylamlno]acetic 
acid, ethyl ester 

10 



iS 




20 A. (1aR-cl8)-1a,7b-Dihydro-2,2-dlmethy1-2H-oxireno-[c][1]benzopyran-6-carbonitrile 

The title compound was prepared by the procedure descrit>ed by Lee et. al., Tetrahedron Letters, 1 991 , 
32, 5055. 

B. (3R-trans)-[(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenylaml- 
nojacetic acid, ethyl ester 

25 The title compound was prepared from the title A compound and N-phenylgiycine ethyl ester by the 

same procedure as described in Example 1. The product was obtained as a colorless solid, mp 182-183 
""C. Analysis calculated for C22H24N2O4-0.37 H2O: C,68.26; H, 6.44; N, 7.24. Found: C, 67.91; H, 6.04; N, 
7.59. [ab = +97.2 (c = 0.88. CDCI3). 

30 Example 4 

tran8-[(6-Cyano-3^-dihydro-3-hydroxy-2;2-dimethyl-2H-1-benzopyran-4-yl)phenylamino]aceticacld 



J5 



40 




A solution of trans-[(6^no-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-i-benzo-pyran-4-yl)phenylamino]aceti 
acid, ethyl ester (310 mg. 0.81 mmol, the title compound of Example 1) in tetrahydrofuran (7 mL) and water 

45 (5 mL) at 0-5''C was treated with 1M lithium hydroxide (1 mL) and stirred for three hours as the temperature 
rose to ambient The mbcture was diluted with ethyl acetate and extracted with water (2x). The combined aqu- 
eous fractions were acidified with 10% citric acid to pH 3 and extracted with ethyl acetate. The organic fraction 
was washed with water and brine, dried (anhydrous magnesium sulfate) and concentrated in vacuo to give the 
product as a foam. Trituration with hexane containing 1-2% ether afforded the title product (230 mg) as a col- 

60 orless solid, mp 163-165*>C. Analysis calculated for C20H20N2O4 O.il H2O: C, 67.79; H. 5.75; IM, 7.91. Found: 
C. 67.70; H. 5.66; N, 8.00. 

Example 5 

55 (3R-tran8)-[(6-Cyano-3^dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)(4-fluorophenyI)amlno] 
acetic acid, ethyl ester 



10 



5 




10 A. N-(4-Fluorophenyl)glycln6 «thyl ester 

A solution of ethyl glyoxylate (2.47 g, 0.024 mol) in 1 .2-dlcliloroethane (30 mL) under argon at room 
temperature was treated succeslvely with 4-fluoroanlllne (1 .80 g, 0.016 mol), sodium triacetoxyborohydr- 
ide (5.12 g, 0.024 mol) and acetic acid (1 mL). After stirring for two hours, the mixture was concentrated, 
dissolved in ethyl acetate and washed 5% sodium bicarbonate, water and brine. The dried (anhydrous mag- 
is nesium sulfate) organic sotutbn was concentrated and crystallized from ether/hexanes to give the title 

product (2.07 g, 65%) as a colorless solid, mp 72-73°C. Analysis calculated for C10H12FNO2 O.O7 H2O: C, 
60.54; H. 6.16; N, 7.06; F. 9.58. Found: C, 60,75; H, 6.15; N. 6.96; F, 9.13. 

B. (3R-trans)-[(6-Cyano-3,4-dlhydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)(4-fluorophe- 
nyl)amino]acetlc acid, ethyl ester 

20 The title compound was prepared from the title A compound and (laR-cls)-l a Jb-dihydro-2,2-dlme- 

thyl-2H-oxireno-[c][1]benzopyran-6-carbonltrile (the title A compound of Example 3) by the same proce- 
dure as described in Example 1. The product was purified by flash chromatography on silica gel, eluting 
with ethyl acetate/hexanes (1:12) to give a foam which was crystallized from ethyl acetate/hexanes to pro> 
vide the title compound as a colorless solid (297 mg, 37%), mp 195- 197^*0. Analysis calculated for 

25 C22H23FN2O4: C, 66.32; H. 5.82; N, 7.03; F. 4.77. Found: C. 66.25: H. 6.78; N. 7.03; F, 4.87. [ah = 1-60.0'' 

(0 = 0.58. CDQa). 

Example 6 

30 (3R-trans)-[(6-Cyano-3Adihydro-3-hydroxy-2^-dimethyl-2H-1-benzopyran-4-yl)(4-chlorophenyl)amlno] 
acetic acid, ethyl ester 



35 




A. N.(4-Chlorophenyl)glyclne ethyl ester 

The title compound was prepared by the same procedure as described in Example 5, part A. The prod- 
uct was crystallized from ether/hexanes to give a colorless solid (1.71 g, 52%), mp 93-95''C. Analysis cal- 
45 culated for C10H12CINO2: C, 56.21 ; H. 5.66: N. 6.56; a. 16.59. Found: C, 56.10; H. 5.65; N, 6.44; CI, 16.78. 

B. (3R-trans)-[(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-l>enzopyran-4-yl)(4-chlorophe- 
nyl)amlno]acetlc acid, ethyl ester 

To a mixture of (1aR-cis)-1aJb-dihydro-2,2-dimethyl-2H-oxireno-[c][1]benzopyran-6-carbonitrile 
(200 mg, 1.0 mnriol, the title A compound of Example 3), N-(4-chIorophenyl)glycine ethyl ester (250 mg, 

50 1.17 mmol, the title A compound) and magnesium perchlorate (225 mg, 1.0 mmol) under argon at room 

temperature was added acetonitrile (0.4 mL). The mbcture was stirred at room temperature for three days. 
The ethyl acetate diluted solution was adsorbed onto celite and flash chromatographed on silica gel, eluting 
with ethyl acetate/hexanes (1:12) to give the product as a foam (210 mg). Trituration with hexanes gave 
the title compound (195 mg, 47%), mp 171.5-171.5*»C. Analysis calculated for C22H23CIN2O4: C, 63.69; H, 

55 5.59; N, 6.75; CI. 8.55. Found: C. 63.52; H, 5.43; N, 6.43: CI. 8.26. [ah = +105.2** (c = 0.40, CDCI3). 
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Example 7 

(3R-tran8)-[(6-(^ano-3^dlhydro-3-hydioxy-2,2-4lmethyl-2H-14)enzop 




A mixture of (3R-transH(6-cyano-3,4-dihydro-3-hydroxy-2,2Klimethyl-2H-1-benzopyran-4-yl)phenylami- 
no]acetic acid, ethyl ester(310mg,0.81 mmol, the title compound of Example 3) in methanol (1 mL) was treated 
with 9.5 M methanolic ammonia (2 mL). After stirring at room temperature for 48 hours, volatiles were removed 
in vacuo to give a solid which was triturated with hexanes to afford title compound (286 mg, 100%) as a col- 
orless solid, mp 236-238 <>C. Analysis calculated forC2oH2iN303 0.22 H2O: C. 67.60; H. 6.08; 11.82. Found: 
C. 67.65; H, 6.05; N. 11.77. [afc = +90^* (c = 1.14, 10:1 CDag/CHaCN). 

Example 8 

(3S-tran8)-3,4-Dihydro-3-hydroxy-2,2-dtmethyl-4-[(4-phenyl-2-thiazolyl)amino]-2H-1-benzopyran-6- 
carbonltrlle 




The title compound was prepared from 2-amlno-4-phenytthiazole and (1aS-cls)-1a,7t>-dihydro-2,2-dlme- 
thyl-2H-oxireno-[c][1]benzopyran-6-cart>onitrile (the title Acompound of Example 2), by the procedure descri- 
bed in Example 1. The residue was purified by flash chromatography on silica gel (25% ethyl acetate In hex- 
anes) to yield a light yellow foam which was crystallized from ether- hexanes to provide the title compound as 
a light yellow solid, mp 203-204<'C. Analysis calculated for CjiHigNaOzS: C, 66.82; H. 5.07; N. 11.13; S. 8.49. 
Found: C. 66.83; H. 5.14; N. 10.98; S. 8.54. [ah = -31.4*> (c = 0.5, MeOH). 

Example 9 

(3R-trans)-3,4-Dlhydro-3-hydroxy-2,2-dlmethyl-4-[(4-phenyl-2-thlazolyl)amlno]-2H-1-benzopyran-6- 
carbonKrlle 




The title compound was prepared from 2-amino-4-phenylthiazole and (1aR-cis)-1a,7b-dihydro-2,2-dime- 
thyl-2l-i-oxireno-[cl[1]benzopyran-6-carbonitrile (the title Acompound of Example 3). by the procedure descri- 
bed in Example 1 to gWe the title compound as a light yellow solid, mp 200-202*'C. Analysis calculated for 
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C21H1SN3O S: C. 66.82; H, 5.07; N, 11.13; S, 8.49. Found: C. 66.61; H, 5.12; N, 10.94; S, 8.64. [aJo = +31.7* 
(c =0.5, MeOH). 

Example 10 

(3R-tran8)-[N-[3,4-Dlhydro-3*hydroxy-2,2-dlmethyl-6-(1H-tetrazol-5-yl)-2H-1-benu^ 
m i no]acetic acid , at hyl astar 



10 



15 




A mixture of (3R-trans)-[(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenyiaml- 
no]acetic acid, ethyl ester (420 mg, 1.1 mmol, the title compound of Example 3), sodium azide (190 mg, 3.0 
mmol) and ammonium chloride (150 mg, 3.0 mmol) in dimethylformamlde (1 mL) under argon was heated at 

20 QS'^C for two days. The reaction mixture was then poured Into water (50 mL), extracted with ethyl acetate (3x1 00 
mL) and washed with water (3x100 mL). After drying over anhydrous magnesium sulfate, the solvent was 
evaporated and the residue was purified by flash chromatography (5% methanol in dichloromethane) to give 
the title product (300 mg, 64 %). This material was combined with another batch of the same product and re- 
chromatographed on silica gel (5% methanol in dichloromethane). The product was recrystallized from isopro- 

25 pyt ether-hexanes to gh/e (3R-trans)-[N-[3,4-dihydro-3-hydroxy-2,2-dimethyt-6-(1H-tetrazol-5-yl)-2H-1-ben- 
zopyran-4-yl]phenylamlno]acet[c acid, ethyl ester, mp 1 30-1 33^'. Analysis calculated for C22H2SN5O4 0.26H2O: 
C, 61.71; H, 6.01; N, 16.35. Found: C. 61.85; H. 6.13; N, 16.21. [ooP = +92.4» (c =0.392. CDQa). 

Example 11 

30 

(3R-trans)-2[N-(6-Cyano-3,4-dlhydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)phenylamlno]-N- 
ethylacetamide 




The title compound was prepared from (3R-trans]h[(6-cyano-3,4-dihydro 3-hydroxy-2,2-dimethyl-2H-1- 
benzopyran-4-yl)phenylamino]acetic acid, ethyl ester (the title compound of Example 3) and ethyl amine by 
the same procedure as described for the title compound of Example 7. The product was triturated with hexanes 
45 to give the title compound as a colorless solid, mp 213-215''C. Analysis calculated for C22H2SN3O3: C, 69.64; 
H, 6.64; N, 11.07. Found: C, 69.31; H, 6.33; N, 10.96. [ak = +76.6<> (c = 0.47, CDCI3), 

Example 12 

so (3R-trans)-3,4-Dlhydro-3-hydroxy-2,2-dimethyl-4-[N[2-(1-pyrrolidlnyl)-2-oxoethyllphenylamlno]-2H-1- 
benzopyran-6-carbonttrlle 
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The title compound was prepared from (3R-transH(6-cyano-3.4-dihydro-3-hydroxy-2.2-dimethyl-2H-1- 
benzopyran-4-yl)ph6nylamino]acetic acid, ethyl ester (the title compound of Example 3) and pyrrolidine by the 
same procedure as described for the title compound of Example 7. The product was triturated with hexanes 
to give the title compound as a colorless solid, mp 222-224°C. Analysis calculated for C24H27N3O3.O.I7H2O: 
C, 70.55; H, 6.75; N, 10.28. Found: C. 70.61; H, 6.76; N. 10.22. [ok = +45.6^ (c = 0.78. DMSO). 

Example 13 

(3R-trans)-3,4-Dlhydro-3-hydroxy.2,2-dlmethyl-4-[N[2-(4-morphollnyl)-2-oxoethyl]pheiiylamlno]-2H-1^ 
benzopyran-6-carbonltrlle 




The title compound was prepared from (3R-trans)-[(6-cyano-3.4-dlhydro-3-hydroxy-2,2-dimethyl-2H-1- 
benzopyran-4-yI)phenylamino]acetic acid, ethyl ester (the title compound of Example 3) and morpholine by the 
same procedure as described for the title compound of Example 7. The product was triturated with hexanes 
to give the title compound as a colorless solid, mp 229-231 Analysis calculated for C24H27N3O4*0.07H2O: 
C, 68.17; H, 6.47; N. 9.94. Found: C, 68.29; H, 6.46; N, 9.82. [ak = +54.6* (c = 0.71, DMSO). 

Example 14 

(3R-tran8)-[N-(6-Cyano-3,4-dlhydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenylamlno]-N-(2- 
furanylmethyl)acetamide 




The title compound was prepared from (3R-trans)-[(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyt-2H-1- 
benzopyran-4-yl)phenylamino]acetic acid, ethyl ester (the title compound of Example 3) and 2-furanylmethyl 
amine by the same procedure as described for the title compound of Example 7. The product was obtained as 
a colorless solid, mp gs-IOO^'C. Analysis calculated forC26H26N3O4 0.25H2O: C. 68.89; H, 5.89; N, 9.64. Found: 
C. 68.73; H. 5.98; N. 9.42. [ak = +26.5» (c = 0.29, MeOH). 

Example 15 

(3R-traii8)-[N-(6-Cyan(>-3,4-dihydro-3-hydroxy-2,2-dinrathyl-2H-1-berizopyran-4-yl)phenylam 
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(4-inorphollnyl)6thyl]acetamlde 




The title compound was prepared from (3R-trans)-[(6-cyano-3,4-dihydro-3-hydroxy'2,2-dimethyl-2H-1- 
benzopyran-4-yl)phenytamino]acetic acid, ethyl ester (the title compound of Example 3) and 4-morphollnyle- 
thyl amine by the same procedure as described for the title compound of Example 7. The product was obtained 
as a colorless solid, mp 201-204''C. Analysis calculated for C26H32N4O4: C, 67.22; H, 6.94; N, 12.06. Found: 
C. 67.09; H, 6.88; N, 11.88. [ab = +23.7<» {c = 0.43, MeOH). 

Example 16 

(3R-tran8)-4-[(4-Huorophenyl)(2-hydroxy-2-methylpropyl)amlno]-3,4-dihydFo-3-hydroxy-^ 
2H-1 -benzopy ran-6-carbonitrile 




A. N-(4-Fluorophehy])-N-(2-hydroxy-2-methylpropyl)amine 

A mixture of 4-fluoroaniline (1.12 g, 10 mmol) and isobutene oxide (0.70 g, 10 mmol) was heated in 
a sealed tube at 120''C overnight. The resultant oil was purified by flash chromatography to give the title 
compound as an oil (1.20 g, 65%). 

B. (3R-trans)-4-[(4-Fluorophenyl)(2-hydroxy-2-methylpropyl)amlno]-3,4-dlhydro-3-hydroxy-2,2-dl- 
methyl-2H-1-benzopyran-6-carbonitrile 

The title compound was prepared from title A compound and (1aR-cis)-1a,7b-dlhydro-2,2-dimethyl- 
2H-oxireno-[c][1]benzopyran-6-carbonitrile (the title A compound of Example 3) by the procedure descri- 
bed in Example 1. The product was obtained as an amorphous solid, mp 70''C. [alo = -62.8 (c = 1 , CHCI3). 
Analysis calculated for C22H26N2O3F O.3 H2O O.2 toluene: C. 68.84; H, 6.71; N. 6.86. Found: C, 68.84; H, 
6.72; N, 6.59. 

Example 17 

[3R-[3a,4b(R*)]]-4-[(4-Fluorophenyl)(2-hydroxypropyl)amino]-3AdlhydfO-3-hydroxy^ 
1 -benzopy ran-6-cariM>nitrile 




A. N-(4-Fluorophenyl)-N-(2-hydroxypropyl)amlne 

The title compound was prepared from 4-fluoroaniline and R-propylene oxide by the same procedure 
as described for the title A compound of Example 15. The product was obtained as a colorless solid. 
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B. [3R-[3a,4b(R*)]]-4-[(4-Fluorophenyi)(2-hydroxypropyl)aminoh3,4-dihydro-3-hydroxy-2,2-d 
thyl-2H-1-benzopyran-6-carbonltrile 

The title compound was prepared from title A compound and (1aR-cls)-1a.7b-dlhydro-2,2-dimethyl- 
2H>oxireno-[c][1]k)enzopyran-6-cart>onitrite (the title A compound of Example 3) by the procedure descri- 
bed for the title compound of Example 1. The product was obtained as an amorphous solid, mp TS'^C. [ah 
= - 64.2 ''(0=1. CHCI3). Analysis calculated for CaH^iUzOjF'OJS H2O: C, 65.59; H. 6.44; N, 7.29. Found: 

C, 65.40; H. 6.30; N. 7.48. 



(3R-tran8)-[(6-Cyano-3>dihydro-3-hydiioxy-2,2-dimethyl-2H-1-benzopyran-4-yl)(4-methyl-2-thlazolyl) 
amino]aeetlc acid, ethyl ester 



A. (3R-trans)-3,4-Dihydro-3-hydroxy-2^-dunethyl-4-[(4-methyl-2-thlazolyl)amino]-2H-1-benzopyr- 
an-6-carbonitrlle 

The title compound was prepared from (1aR-cls)-1a,7b-dihydro-2,2-dimethyl-2H-oxireno-[c][1]ben- 
zopyrarh6-carbonitrile (the title A compound of Example 3) and 2-amino-4-methyl-thiazole by the proce- 
dure described for the title compound of Example 1 . The residue was purified by a flash column to give a 
colorless solid (730 mg, 58%). 

B. (3R-trans)-[(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)(4-m6thyl-2- 
thlazolyl)amino]acetlc acid, ethyl ester 

A solution of title A compound (620 mg, 2.0 mmol) and ethyl bromoacetate (0.24 mU 2.15 mmol) in 
dimethyifonmamide (4 mL) was treated with potassium carbonate (300 mg, 2.17 mmol). The resultant re- 
action mixture was stirred at room temperature overnight and poured Into saturated sodium bicarbonate 
(10 mL). The aqueous solution was extracted with ethyl acetate (2 x 40 mL); combined organic extracts 
were dried over sodium sulfate, and concentrated in vacuo. The residue was purified by flash column chro- 
matography to give an oil which solidified upon vacuum drying. The solid was washed with pentane to pro- 
vide a colorless product (110 mg, 14%). mp 83''C. [ah = +33.2 (c = 1, MeOH). Analysis calculated for 
C20H23N3SO4.I.3I H2O: C, 56.51; H, 6.07; N. 9.89. Found: C, 56.81; H, 5.96; N, 9.59. 



(3R-trans)-4-[N-(2-Benzoxazolyl)-N-(2,2-dlmethoxyethyl)amlno]-3,4-dlhydro-3-hydroxy-2,2-dimethyl- 
2H-1-benzopyran-6-carbonitrile 



A. (3R-trans)-3,4-Dihydro-4-[(2,2-dimethoxyethyl)amlno]-3-hydroxy-2,2-dimethyl-2H-1-benzopyr- 
an-6-carbonltrlle 

A mixture of {1aR-cis)-1a,7b-dihydro-2,2-dlmethyl-2H-oxpreno-[c][1]benzopyran-6-carbonltrile (750 



Example 18 




Example 19 
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mg» 3.73 mmol, the title A compound of Example 3), dimethyl aminoacetal (1 .2 mL) was heated In a sealed 
tube at 75^*0 for two days. The reaction mixture was purified by flash column chromatography (ethyl acet- 
ate and hexane, 1:1) to gh^e a colorless oil (1.0 g, 90%). 

B. (3R-trans)-4-[N-(2-Benzoxazolyl)-N-(2^-dimethoxyethyl)amlno]-3,4-dihyclro-3-hydroxy-2,2-dl- 
mGthyl-2H-1-benzopyran-6-cart)onitriie 

To a solution of title A compound (360 mg, 1.18 mmol) in dimethylformamide (10 mL) at O'^C under 
argon was added sodium hydride (60% in oil, 100 mg, 2.3 mmol). The' suspension was stin-ed at 0°C for 
15 minutes and then treated with 2-chlorobenzoxazole (140 ^L, 1.18 mmol) via a syringe. The reaction 
mixture was stirred at O^'C for 30 minutes and poured into saturated ammonium chloride. The aqueous sol- 
ution was extracted with ethyl acetate; the combined organic extracts were treated with acetic add (0.5 
mL) and stirred at room temperature overnight The resultant solution was washed with sodium bicarbon- 
ate, dried over sodium sulfate and concentrated in vacuo. The residue was purified by flash column chro- 
matography (3:1 mixture of hexane and ethyl acetate) to give an oil, which formed a foam upon vacuum 
drying (300 mg, 60%), mp 66*'C. [ab = +35.8 (c = 1, l^eOH), Analysis calculated for C23H26N3O5 O.33 
H2O O.4O toluene: C, 66.46; H, 6.24; N. 9.01. Found: C, 66.47; H, 6.21; N. 8.81. 



(3R-trari8)-4-[N-[1>Dihydro-1^ioxo-2H-lsoindol-2-yl)ethyl]pheriylamino]-3^-dihydro-d-hydroxy-2,^^ 
dimethyl-2H-1-benzopyran-6-carbonitrile 



A. N-[1,3.Dlhydro-1,3-dioxo-2H-lsoindol-2-yl)ethyl]-N-phenylamine 

A solution of N-phenylethylenediamine (10.0 g, 73.4 mmol) and phthalic anhydride (11.42 g, 77.1 
mmol) In toluene was heated at reflux while removing water azeotropically for 18 hours. The reaction mix- 
ture was cooled to room temperature and washed with 2.5% hydrochloric acid solution, saturated sodium 
bicarbonate solution and brine. The crude product solution was dried over magnesium sulfate and the sol- 
vent was recovered under vacuum to provide the title product (12.03 g, 61 %) as a yellow solid, mp 100- 
102<>C. MS: (M+NH4)+ @ 267. 

B. (3R.trans).4.[N-[1,3-Dlhydro-1,3-dioxo-2H-lsolndol-2-yl)ethyl]phenylamino]-3,4-dihydro-3-hy- 
droxy-2,2-dlmethyl-2H-1-benzopyran-6-carfoo-nltrile 

The title compound was prepared from title A compound (6.62 g, 24.85 mmol) and (1aR-cis)-1a,7b- 
dihydro-2,2-dimethyl-2H-oxireno-[c][1]benzopyran-6-carbonitrile (5.0 g, 24.85 mmol, the title A compound 
of Example 3) by the procedure described for the title compound of Example 1. The crude product was 
purified by flash chromatography on silica gel eluting with hexane/acetone (3:1) to afford a yellow solid 
(7.87 g. 67%). mp 159-160*»C. [ah = -110.0^ (c = 0.88. CHCI3). Analysis calculated for C28H26N3O4 O.I6 
H2O: C. 71.49; H, 5.43; N, 8.93. Found: C. 71.54; H. 5.49; N, 8.88. 



(3R-trari8)-4-[N-(2-Amliioethyl)pheriylamino]-3,4-dihydro-3-hydroxy-2,2-diinethyl-2H*1-benzopyran-6 
carbonKrile 



Example 20 



O 




Example 21 
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10 To a solution of the title compound of Example 20 (4.5 g, 10.69 mmol) In ethanol (100 mL) at room tem- 
perature was added a mixture of methyl hydrazine (50 mL) and ethanol (50 mL). The reaction was stinred at 
room temperature for 1 .5 hours and heated at reflux for one hour. The volatiles were recovered under vacuum 
and the residue was partitioned between ethyl acetate and saturated sodium bicarbonate solution. The organic 
phase was washed with brine, dried over magnesium sulfate and evaporated in vacuo to obtain an off-white 

IS foam (3.57 g, 100%) which was crystallized from isopropyl ether/ethyl acetate to provide a colorless solid, mp 
ISA-ies^'C. [ab = -20.9« (c = 1.22 CHQa). Analysis calculated for C2oH23N302-1.0 H2O O.42 isopropyl ether 
C, 67.90; H, 7.81; N. 10.55. Found: C, 67.90; H, 7.38; N. 10.18. 

Example 22 

20 

(3R-tran8)-[(6-Cyano-3,4-dihydro-3-hydroxy-2^-dlmethyl-2H-1-benzopyran-4-yl)phenylamino]butyric 
acid, ethyl ester 



25 



30 




The title compound was prepared from 4-(N-phenylamino)-butyric acid (prepared according to literature 
methods) and (1aR-cls)-1a.7b-dihydro-2,2-dlmethyl-2H-oxireno-[c][1]benzopyran-6-carbonltrile (the title A 
35 compound of Example 3) by the procedure described for the title compound of Example 1 . The product was 
triturated with hexanes to yield an off-white solid, mp lOO-IIO^C. [ah = -1-41.8*' (c 0.92. MeOH). Analysis 
calculated for C24H28N2O4 O.O9 H2O: C, 70.28; H. 6.93; N. 6.83. Found: C. 70.31; H, 6.81; N, 6.80. 

Example 23 

40 

(3R-trans)-3-[N-(6-Cyano-3,4-dlhydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yi)phenylamlno] 
propanoic add, ethyl ester 




OEt 



The title compound was prepared from 3-(N-phenylamino)-propanoicacid (prepared according to literature 
55 methods) and (1aR-cis)-1a.7b-dihydro-2.2-dimethyl-2H-oxireno-[c][1]benzopyran-6-carbonitrile (the title A 
compound of Example 3) by the procedure described for the title compound of Example 1. The product was 
triturated with hexanes to yield an off-white solid, mp 60-62**C. [ah = +30.4* (c = 0.8, MeOH). Analysis calcu- 
lated for C23H2eN2O4 0.1 H2O: C, 69.70; H. 6.66; N, 7.07. Found: C, 69.75; H, 6.74; N, 7.02. 
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Example 24 

(3R-tran8)-3,4-Dlhydro-3-hydroxy-4-[N-[(1H-lmidazol-2-yl)methyl]ph6nylamino]-2>dlm 
benzopyran-6-carbonitrlle 



H 



10 




IS 

A. N-[(1 H-lnnidazol-2-yl)met hyl]-N-phenylamine 

A stirred solution of 2-lmidazolecarl)oxaldehyde (400 mg, 4.16 mmol) in dry methanol (10 mL) was 
treated with aniline (380 ^L, 4.1 6 mmol) followed by anhydrous magnesium sulfate (2 g). The solution was 
stinred for 1 8 hours at room temperature. The mixture was filtered and most of the solvent was evaporated. 

20 The solution was taken up in ethyl acetate (50 mL) and washed with 5% aqueous. KHSO4 (50 mL) followed 
by brine (50 mL). The organic solution was dried (MgS04), filtered and solvent was removed in vacuo to 
give a white solid (370 mg. 52%). This material (370 mg, 2.18 mmol) In MeOH (10 mL) was treated with 
10% palladium over charcoal and hydrogenated at room temperature using a balloon. The mixture was 
filtered through a short pad of cellte and the solvent volume was removed in vacuo to give a light brown 

25 crystalline solid (350 mg, 93%). Analysis calculated for CioHgNy 0.07 H2O: C, 68.82; H, 6.44; N. 24.08. 

Found: C, 68.77; H, 6.47; N. 24.13. 

B. (3R-trans)-3,4-Dihydro-3-hydroxy-4-[N-[(1H-imidazol-2-yl)inethyl]phenylamino]-2^-dlmethyl- 
2H-1-benzopyran-6-carbonltrlle 

A stirred solution of (1aR-cis)-1a,7b-dihydro-2.2-dimethyl-2H-oxireno-[c][1]benzopyran-6-carboni- 
30 trile (792 mg. 3.93 mmol, the title A compound of Example 3) in acetonitriie (4 mL) was treated with the 

title A compound (620 mg, 3.62 mmol) followed by anhydrous 0002 H8.5 mg, 0.36 mmol). The solution 
was stirred for 18 hours at room temperature. Additional OOOI2 was added over an 18-hour period. The 
mixture was added to ethyl acetate (100 mL) and water (100 mL). The organic fraction was washed with 
brine (100 mL), dried over magnesium sulfate and the solvent was removed in vacuo to give a white solid 
35 which was purified by flash chromatography on silica gel (25% ethyl acetate In hexanes). The product was 
re-crystallized from chlorofonn- hexanes to give a odorless solid (321 mg, 24%), mp 259-260''C (shrinks 
at 140-150*^0). [ah = +16.5° (c = 0.31. MeOH). Analysis calculated for 022H22N402- 0.94 H2O: 0 67.51 ; H. 
6.15; N, 14.32. Found: C, 67.75; H, 5.82; N. 14.08. 

40 Example 25 

(3R-tran8)-4-[[2-(Acetylamino)ethyl]phenylamlno]^^dihydro-3-hydroxy-2^-dlmethyl-2H-1-ben 
ran-6-carbonitrIle 



45 



50 




The title compound was prepared from the title compound of Example 20 by a standard procedure using 
55 acetyl chloride In pyridine and dk^hloronrwthane. The productwas obtained as a colorless solid, mp 217-218°0. 
[a]D = +54.6° (c = 1 . 1 5, DMF). Analysis calculated for O22H26N3O3 O.2I H2O: C, 68.95: H, 6.68; N, 1 0.97. Found: 
O. 69.19; H, 6.74; N. 10.73. 
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Example 26 

(3R*tran8)-P-[N-(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dImethyi-2H-1-b6nzopyran-4-yl)phen 
ethyljurea 



H 




The title compound was prepared from the title compound of Example 20 by a standard procedure using 
trimethylsilylisocyanate in refluxing acetonitrile. The product was obtained as a colorless solid, mp 214-215^0. 
[a]o = +59.2'* (c = 1 .04, DMF). Analysis calculated for C21 HaiNAOyO.OS H2O: C, 66.20; H. 6.37; N, 14.70. Found: 
C. 66.10; H, 6.29; N, 14.80. 

Example 27 

(3R-trans)-N-[2-[N-(6-Cyano-3Adlhydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)pheriylamino] 
ethyl]methane8ulf6namide 




The title compound was prepared from the title compound of Example 20 by a standard procedure using 
methanesulfonyl chloride in pyridine and dichioromethane. The product was obtained as a colorless solid, mp 
143-145*>C. [aJo = +33.0*» (c = 1.02, DMF). Analysis calculated for C21H26N3O4S O.67 H2O: C, 59.00; H, 6.21; 
N, 9.83; S, 7,50. Found: C, 59.18; H, 5.80; N, 9.65; S, 7.50. 

Example 28 

(3R-trans)-N"-Cyano-N-[2-[[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl) 
phenyiamlno]ethyi]guanidlne 



H 




A.(3R-tran8)-N'-Cyano-N-[2-[[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4- 
yl)phenyiainlno]ethyl]cart>amldlc acid, phenyl ester 

A solution of (3R-trans)-4-[N-(2-aminoethyl)phenylamino]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1- 
benzopyran-6-carbonitrile (500 mg, 1 .48 mmol, the title compound of Example 20) and diphenyicyanocar- 
bonimidate (0.39 g, 1.59 mmol) in acetonitrile (5.0 mL) was heated at reflux temperature for two hours. 
The reaction mbcture was cooled to room temperature and partitioned between ethyl acetate and IN hy- 
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drochloric acid. The organic fraction was separated and the aqueous fraction was reextracted with ethyl 
acetate. The organic extracts were washed with brine, dried over niagnesium sulfate and evaporated to 
provide the title compound as a colorless gum (0.84 g). The crude material was used for the next reaction. 
B. (3R-trans)-N''-Cyano-N-[2-[[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyraii- 
4-yl)phenyiamino]ethyl]guanidine 

To a solution of the title A compound (0.81 g, 1.48 mmol) in ethanol (9 mL) was added amnrwnium 
hydroxide (8.5 ml) and the reaction mixture was stirred at room temperature for 48 hours. The solvent 
was evaporated and the residue in ethyl acetate was washed with water and dried over anhydrous mag* 
nesium sulfete. The solvent was evaporated and the residue was purified by flash chromatography on silica 
gel (2% methanol in ethyl acetate). The product was triturated with isopropyl ether to give a colorless amor- 
phous solid, mp 125-130*»C (shriniting). [ah = +31.8' (c = 1.12, DMF). Analysis calculated for 
C22H24N6O2 O.2 H2O O.5 isopropyl ether. C, 63.76; H, 6.33; N, 18.59. Found: C. 63.87; H. 6.35; N. 18.58. 

Example 29 

(3R-tran8)-2-[N-(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dinMthyl-2H-1-benzopyran-4-yl)ph6nylamino]-N^ 
(2-hydroxyethyl)acetamlde 




The title compound was prepared from (3R-trans)-[(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1- 
benzopyran-4-yl)phenylamino]acetic acid, ethyl ester (the title compound of Example 3) and 2-hydroxyethyl 
amine by the same procedure as described for the title compound of Example 7. The product was obtained as 
a while foam, [ah = +32.7<' (c - 0.62, MeOH). Analysis calculated for C22H25N3O4 O.I7 H2O: C, 66.31 ; H, 6.41 ; 
N. 10.55. Found: C, 66.29; H, 6.42; N, 10.57. 

Example 30 

(3R-tran8)-4-[4-Chloro-N-[(1H-!mldazol-2-yi)methyl]phenylamino]-3,4-dlhydro-3-hydroxy-2,2-dimethyl- 
2H-1-benzopyran-6-carbonltrile 



H 




A. N-(4-Chiorophenyl)-N-[(1 H-lmldazoi-2yl)methyl]amlne 

The title compound was prepared from 4-chloroaniline and 2-imidazole-carboxaldehyde by the same 
procedure as described in Example 24, part A. The residue was crystallized from ethyl acetate to afford 
the title compound (1.56 g, 72%) as an off white solid. 

B. (3R.trans)-4-[4-Chloro-N-[(1H-lmIdazol-2-yl)-fnethyl]phenylamlnoHAdlhydro-3-hydroxy-2^. 
dim6thyl-2H-1-benzopyran-6-carbonltrile 

The title compound was prepared from (1aR-cis)-1a,7b-dihydro-2,2-dimethyi-2H-oxireno-[c][1]ben- 
zopyran-6-carbonitrile (the title A compound of Example 3) and the title A compound by the same proce- 
dure as described for the title compound of Example 24. The residue after work up was purified by column 
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chromatography (40% ethyl acetate in hexanes) to afford the title product (1 98 mg, 28%) as a white solid, 
mp 266-287*>C (softens at leO^'C). [ab = •••40.8'' (c = 0.36, MeOH). Analysis calculated for 
C22H21CIN4O2 O.23H2O: C. 63,98; H. 5.24; N, 13.56: Q, 8.58. Found: C, 64,37; H, 5.29; N, 13.17; a, 8.24. 

5 Example 31 

(3R-tran8)-4-[4-Fluoro-N-[(1H-inriidazol-2-yl)methyl]phenylannino]3,4-dihydro-3-hydroxy-^^ 
2H-1-benzopyran*6-carbonltrile, mono hydrochloride 




A. N-(4-Fluorophehnyl)-N-[(1H-lmldazol-2yl)methyl]amlne 

20 The title compound was prepared from 4-fluoroanillne and 2>imidazole-carboxald6hyde by the same 

procedure as described in Example 24, part A. The product was obtained as a light yellow solid (4.84 g. 
95%). 

B. (3R-trans)-4-[4-Fluoro-N-[(1H-imidazol-2-yt)methyl]phenylamino]-3,4-dihydro-3-hydroxy-2,2-di- 
methyi-2H-1-benzopyran-6-cart)onitrii0, mono hydrochloride 

25 The title compound was prepared from (1aR-cis)-1a,7b-dihydro-2,2-dimethyl-2H-oxireno-[c][1]ben- 

zopyran-6-carfoonitrile (the title A compound of Example 3) and the title A compound by the same proce- 
dure as described for the title compound of Example 24. The colorless product (643 mg, 41%) (mp 252- 
253 ^'C, decomposed) In methanol was converted to Its hydrochloride by treatment with hydrogen chloride 
gas In dioxane. The solvent was removed and the residue was dissolved in water (20 mL). The solution 

30 was filtered through a Whatman 0.3 ^m cellulose nitrate membrane filter and the solvent was renfK>ved 
by freeze drying to afford a white lyophilate. [ajp = -23.3° (c = 0.61, MeOH). Analysis calculated for 
C22H21FN4O2HCI.1 .39H2O: C, 58.35; H. 5,29; N, 12.37; CI. 7.83; F, 3.79. Found: C, 58.76; H. 5.12; N. 11 .96; 
CI. 7.51; F, 4.20. 

35 Example 32 

(3R-trans)-4-[N-(3-Furanylmethyi]phenylamino]-3Aciihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran- 
6-carbonltrile 



40 



45 




A. [N-(3-Furanylmethyl)-N-phenylamlne 

A mixture of aniline (1.89 g, 19.6 mmol) and 3-fura!dehyde (2.50 g, 26.8 mmol) in 1,2-dichIoroethane 
so (1 00 mL) under argon at 5"* was treated with sodium triacetoxyborohydrlde (5.65 g, 26.8 mmol) and acetic 

acid (1 .5 mL). The reaction mbcture was stirred at room temperature overnight, concentrated in vacuo and 
the residue was diluted with ethyl acetate. The combined extracts were washed with satuirated sodium 
bicarbonate, dried over MgS04 and concentrated. The product was purified by flash chromatography on 
siiical gel (Hexane/EtOAc (20:1) to yield the title compound (3.31 g, 98%). Analysis calculated for 
55 C11H11NO: C, 76.28; H, 6.40; N. 8.09. Found: C. 76.58; H. 6.46; N, 8.33. 

B. (3R-trans)^[N-(3-Furanylmethyl}phenylamlno]-3Adlhydro-3-hydroxy-2,2-dimethy|.2H-1-ben- 
zopyran-6-carbonltrile 

The title compound was prepared from (1aR-cis)-1a.7b-dlhydro-2.2-dlmethyl-2H-oxlreno-[c][1]ben- 
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zopyran-6-carbonitrile (the title A compound of Example 3) and the title A compound by the same proce- 
dure as described for the title compound of Example 1 . The product was obtained as a colorless solid (0.85 
g, 57%). mp 63-67*'C. [ab = + 65.2" (c = 0.71 MeOH). Analysis calculated for C23H22N2O3.O.25H2O: C, 
72.90; H, 5.98; N. 7.39. Found: C, 72.94; H. 5.95; Np 7.35. 

5 

Example 33 

(3R-tran8)-4-[N-(2-Furanylmethyi)phenylamino]-3,4^dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran- 
6-carbonltrlle 




20 A. [N-(2-Furanylmethyl)-N-phenylamine 

The title compound was prepared from aniline and 2-f uraldehyde by the same procedure as described 
in Example 32, part A The product was obtained as an oil (3.43 g, 99%). 

B. (3R-tran8)-4-[N-(2-Furanylmethyi)phenylamlno]-3,4-dlhydro-3-hydroxy-2p2-dimethyl-2H-1-ben- 
zopyran-6-carbon itrile 

25 The title compound was prepared from (1aR-cis)-1 a,7b-dihydro-2,2-dimethyl-2H-oxireno [c][1]benzo- 

pyran-6-carbonitrile (the title Acompound of Example 3) and the title Acompound by the same procedure 
as described for the title compound of Example 1. The product was obtained as a colorless solid (1 .07 g, 
72%), mp 134-135"C. [ak = + 92.2« (c = 0.78, MeOH). Analysis calculated for C23H22N2O3.O.O2 H2O; C. 
73.70; H. 5.93; N, 7.47. Found: C, 73.65; H, 5.63; N, 7.52. 

30 

Example 34 

(3R-traris)-4-[N-[(4,5-Dihydro-2-oxazolyl)methyl]phenylamino]-3Adihydro-3-hydro3v-2,2-^ 
benzopyran-6-carbonitrile 

35 



40 




45 A stinred solution of (3R-trans)-2[N-(6-cyano-3,4-dlhydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4- 

yl)phenylamino]-N-(2-hydroxyethyl)-acetamide (600 mg, 1.52 mmol, the title compound of Example 29) in di- 
chloromethane (3 mL) at O^C under argon was treated with triethylamine (254 ^L. 1.82 mmol) and methane- 
sulfonyl chloride (130 \iL 1.67mnK)l). The solution was stirred for 30 minutes at -30«C and warmed to room 
temperature. It was diluted with ethyl acetate and washed with water, sodium bisulfite and brine (1 00 mL). After 

50 drying over anhydrous magnesium sulfate, the solvent was removed. The oily residue in dimethylformamlde 
(5mL) was treated with finely ground potassium carbonate and heated at 150''C for 30 minutes. The reaction 
mixture was further stirred for two days at room temperature and diluted with ethyl acetate. It was washed 
with water, 5% sodium bisulfite and brine (1 00 mL). After drying over anhydrous magnesium sulfate, the solvent 
was removed and the residue was purified by flash chromatography on silica gel (40% ethyl acetate in hex- 

55 anes). The resulting solid was recrystallized from chlorofbmi-hexanes to give the title product (490 mg, 85%) 
as fine white needles, mp 218-220«C. [a]o = + 71.8** (c = 0.4, MeOH). Analysis calculated for C22H23N303:C. 
70.00; H. 6.14; N. 11.13. Found: 0. 69.96; H, 6.09; N, 11.17. 
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Example 35 

(3R-tran8)-[(2-Benzoxazolyl)(6-cyano-3^dihydro-3-hydroxy-2^-dimethyl-2H-1 
acetic acid, ethyl ester 




A. (3R-trans)-4-Amino-3Adihydro-3-hydroxy-2p2-dimethyl-2H-1-benzopyran-6-carbonltrile 

To a solution of (1aR-cis)-1aJt>-dihydro-2,2-dimethyl-2H-oxireno-[c][1]benzopyran-6-carbonitrile 
((2.5 g, 12.4 mmol. the title A compound of Example 3) in tetrahydrofuran in a re-sealable tube was added 
concentrated ammonium hydroxide (2 mL). The tube was sealed and the solution was heated on an oil 
bath at 75X overnight The resultant solution was cooled to room temperature, concentrated and extract- 
ed with ethyl acetate. The combined organic extracts were dried over anhydrous sodium sulfate and con- 
centrated to yield the title compound as an oil. 

B. (3R-trans)-[(6-Cyano-3,4-dihydn>-3-hydroxy-2,2-dlmethyl-2H-1-beiizopyran-4yl)annlno]acetlc 
acid, ethyl ester 

To a solution of (3R-trans)-4-amino-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-6-carbo- 
nltrile (the title A compound) and ethyl glyoxylate (2.5 g) In methanol (30 mL) and acetic acid (2 mL) at 
C'C under argon atmosphere was added sodium cyanoborohydride (1.5 g). The reaction mixture was stir- 
red at O^C for 30 minutes, poured into saturated sodium bicarbonate (150 mL) and extracted with ethyl 
acetate. The combined organic extracts were dried over anhydrous sodium sulfate and concentrated. The 
residue was purified by chromatography to give an oil. which solidified upon standing (1.8 g, 48%). 

C. (3R-trans)-[(2-Benzoxazolyl)(6-cyano-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran- 
4yl)amino]acetic acid, ethyl ester 

The title compound was prepared from the title B compound and 2-chlorobenzoxazole by the same 
procedure as described in Example 19, part B. The product was purified by flash chromatography on silica 
gel (4:1 mbcture of hexane and ethyl acetate) to give the title compound as an amorphous solid (320 nng, 
46%), mp -90«C. [ab = + 44.3*» (c = 1, l^eOH). Analysis calculated for C23H25N3O6.O.32H2O: C, 64.66; H. 
5.58 N, 9.83. Found: C. 64.72; H, 5.45; N, 9.77. 

Example 36 

(3R-b-ans)^[(2-Benzoxazolyl)(2-|iyridlnylethyl)amtno]-3/klihydro-3-hydroxy.2,2-dlmethyl 
pyran-6-cart>onitrile 




A. (3R-trans)-4-[(2-Pyrldinyfethy!)amino]-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-6- 
carbonltrile 

A solution of (1aR-cis)-1a,7b-dihydro-2.2-dimethyl-2H-oxireno-[c][1]benzopyran-6-carbonitrile ((1.0 
g, 5.0 mmol, the title A compound of Example 3) and 2-aminoethylpyridine (1.1 g, 9.0 mmo!) was heated 
in a sealed tube at 75°C for 18 hours. The reaction mixture was cooled to room temperature and purified 
by flash chromatography to afford an oil, which solidified upon standing (1.4 g, 87%). 

B. (3R-trans)-4-[(2-Benzoxazolyl)(2-pyridinyiethyl)amino]-3,4-dlhydro-3-hydroxy-2,2-dimethyt-2H- 
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1 -benzopy ran-6-carbonitrile 

The title compound was prepared from the title A compound and 2-chlorobenzoxazole by the same 
procedure as described in Example 19. part B. The product was purified by flash chromatography on silica 
gel (4:1 mixture of hexane and ethyl acetate) to give the title compound as a foam (550 mg. 94%). [aJo = 
+ 33.20 (c 1, MeOH). Analysis calculated for C26H24N4O3 O.93H2O: G 68.29; H, 5.70; N, 12.25. Found: 
C, 68.64; H, 5.68; N. 11.90. 

Example 37 

(3R-trans)-4-[(2-Benzoxazolyl)(2-furanometliyl)amino]-3,4^ihydro-3-hydroxy-2,2-^ 
pyran-6-carbonitrile 



OH 




A. (3R-trans)-4-[(2-Furanomethyl)amlno]-3,4-dlhydro-3-hydroxy^2,2-dimethyl-2H-1-beiizopyran-6- 
carbonitrile 

The title compound was prepared from (1aR-cls)-1a,7b-dihydro-2,2-dimethyl-2H-oxlreno-[c][1]ben- 
zopyran-6-carbonitrile (the title A compound of Example 3) and 2-furfurylamine by the same procedure 
as described in Example 36, part A. The product was obtained as a colorless oil (1.35 g, 91%). 
8. (3R-trans)-4*[(2-Benzoxazolyl)(2-furanomethyl)amlno]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H- 
1-benzopyran-6-carbonltrlie 

The title compound was prepared from the title A compound and 2>chlorobenzoxazole by the same 
procedure as described in Example 19, part B. The oily product became a foam upon vacuum drying, [alo 
= + 64 .4<' (c = 1, MeOH). Analysis calculated for C24H21N3O O.4O H2O O.2 toluene: 0. 69.17; H, 5.35; N. 
9.53. Found: C, 69.10. H, 5.25; N, 9.43. 

Example 38 

(3R-trans)-4-[(2-Furanylmethyl)(2-oxazolyl)am!no]-3,4-dihydro-3-hydroxy-2^-dlmethyl-2H-1-benzo^^^ 
ran-6-carbonltrile 




A. (2.2-Dimethoxyethyl)carbamlc acid, 4-nltrophenyl ester 

A solution of dimethyaminoacetal (1.1 g, 10 mnK>t), and triethyl amine (1.4 mL, 11 mmol) In a mixture 
of ether (1 00 mL) and methylene chloride (5 mL) at O^'C In an ice-bath was treated with 4-nitn3phenyl chlor- 
oformate (2.2 g. 11 mmol). The solution was slowly wamned up to room temperature and stirred at room 
temperature for two houra. The reaction mbcture was poured into 5% hydrochloric solution (20 mL), the 
organic layer was separated and dried over anhydrous magnesium sulfate. The solvent was removed to 
give the title product as a solid, which was used for the next step without further purification. 

B. (3R-tran8)-N-(6-Cyano-3.4-dihydro-3-hydroxy-2.2-dImethyi-2H-1-benzopyran-4-yl)-N'-(2,2-d{me- 
thoxyethyl)-N-(2-furanylmethyl)urea 

To a solution of (3R-trans)-4-[(2-f uranomethyl)amino]-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1 -ben- 
zopyran-6-cart)onitrile (1.1 g. 3.69 mmd. the title A compound of Example 37) In acetonltrile (5 mL) was 
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added the title A compound (1.3 g, 4.9 mmol) followed by diisopropylethyl amine (0.85 mL). The mixture 
was heated at reflux temperature over night, concentrated in vacuo and the residue was diluted with ethyl 
acetate (100 mL). The resulting solution was washed with 10% aqueous potassium hydroxide, saturated 
ammonium chloride and dried over magnesium sulfate. The solvent was removed and the residue was pun- 
5 fled by flash chromatography to provide the title compound as a colorless solid. Analysis calculated for 

C22H27N3O6 O.2I toluene: C, 62.87; H, 6.45; N, 9.34. Found: C. 62.86; H. 6.58; N, 9.56. 

C. [S-(ir,R*)]-N-(2-Furany!methyl)-N-(2-hydroxy-1-methy1propyl)-N'-(2-oxoethyl)urea 

The solution of the title B compound in acetone (5 mL) was treated with 10% hydrochloride (1 mL). 
The mbcture was stinned at room temperature for three hours and neutralized with sodium bicarbonate (3 
10 mL). The mixture was concentrated in vacuo and the residue was extracted with ethyl acetate (2 x 100 
mL). The organic extracts were dried over anhydrous magnesium sulfate and concentrated. The residue 
was purified by flash column (3:2/ethyl acetate:hexane) to give an oil (720 mg, 51% from the title Aconrv 
pound). 

D. (3R-trans)-4-[(2-Furanylnfiethyl)(2-oxazolyl)amino]-3,4-dlhydro-3-hydroxy-2,2-d{methyl-2H-1- 
15 benzopyran-6-carbonItrlle 

To a solution of the title C compound (700 mg, 1 .83 mmol) in methylene chloride (50 mL) under argon 
at room temperature was added triphenytphosphine (1.0 g. 3.83 mnrK>l), diisopropylethyl amine (1.4 mL, 
7.7 mmol) and iodine (1.0 g, 3.85 mmol). The brown reaction mixture was stirred at room temperature for 
an hour and poured Into saturated sodiumthiosulfate solution (25 mL). The organic layer was separated, 
20 dried over anhydrous magnesium and the solvent was removed. The residue was purified by flash chro- 
matography to give the title compound as a colorless foam (260 mg, 39%), mp 63''C. [a]o = +51.7*" (c =1 .0, 
MeOH). Analysis calculated for C20H18N3O4 O.I5 ether O.4 HjO: C, 64.42; H. 5.55; N, 10.94. Found: C. 
64.78; H, 5.36; N, 11.15. 

25 Example 39 

(3R-trans)-4-[N-(Cyanomethyl)phenylamino]-3,4-dlhydro-3-hydroxy-2,2-dlniethyl-2H-1-benzopyran-6- 
carbonKrile 



30 



35 




The title compound was prepared from N-phenylglycinonitrile and (1aR-cis)-1a,7b-dihydro-2,2-dimethyl- 
2H-oxlreno-[c][1]benzopyran-6-carbonltrile (the title A compound of Example 3) by the procedure described 
40 for the title compound of Example 1. The product was triturated with hexanes (containing 1% ethyl acetate) 
to give a colorless solid, mp 85-90''C. [ah = +120.9® (c = 0.45, CDCI3). Analysis calculated for C20H19N3O2.O.27 
H2OO.O4 hexanes: C, 71.15; H, 5.93; N, 12.30. Found: C, 71.16; H, 5.81; N, 11.87. 

Example 40 

45 

(3R-trans)-4-[N-(Cyanofithyl)phenytamino]-3,4-dihydro-3-hydroxy-2,2-d!methyl-2H-1-benzopyran-6- 
carbonKrile 



so 



55 




The title compound was prepared from anilinopropionitrile and (1aR-cis)-1a,7b-dihydro-2.2-dimethyl-2H- 
oxireno-[c][1]benzopyran-6-carbonitrile (the title A compound of Example 3) by the procedure described for 



26 




EP 0 648 758 A1 



the title compound of Example 1. The product was triturated with hexanes (containing 1% ethyl acetate) to 
give a colorless solid, mp 164-166C. [ah = -38.r (c = 1.0, CDQa). Analysis calculated for C2iH2iN3O2 0.14 
H2O: C. 72.09; H. 6.13; N, 12.02. Found: C, 71.91; H, 5.83; N. 11.92. 

5 Example 41 

(3R-tran8)-3ADihydro-3-hydroxy-4-[N-(2-methoxyethyl)phenylamino]-2,2-dimethyl-2H-1-benzopyran-6- 
caibonKrile 



10 



IS 




A. N-(2-methoxyethyi)anlline 

The title compound was prepared from aniline and methoxyacetaldehyde by the same method as de- 
20 scribed for Example 5, part A. The residue was purified by flash chromatography on silica gel (ethyl acet- 
ateihexanes/ 1 :15) to give a pale yellow oil. 

B. (3R-trans)-3,4-Dlhydro-3-hydroxy-4-[N-(2-methoxyethyl)phenyl-amlno]-2,2-dlmethyl-2H-1-ben- 
zopyran-6-carbon itrile 

The title compound was prepared from the title A compound and (1aR-cis)-1a,7b-dihydro-2,2-dime- 
25 thy1-2H-oxireno-[c][1 ]benzopyran-6-carbonitriie (the title A compound of Example 3) by the procedure de- 
scribed for the title compound of Example 1. The oily residue was purified by flash chromatography on 
silica gel (ethyl acetate:hexanes/1:6), to give a colorless powder (410 mg, 77%), mp 119-124'*C. [a]o = 
+54-4' (c = 0.43, MeOH). Analysis calculated for C21H24N2O3: C. 71.57; H, 6.86; N. 7.95. Found: C, 71.63; 
H. 6.94; N, 7.73, 

30 

Example 42 

(3R-cls)-[N-(6-Cyano-3,4-dihydro-3-hydroxy-2^-^imethyl-2H-1-benzopyran-4-yl)phenylaminopN-eth 
acetamlde 

35 



40 




4S A. (4aR-cl8)-1 ^,3^a,5,10b-Hexahydro-5,5-dlmethyl-3-oxo-1-phenyl[1Ibenzopyrano[3,4-b][1 ^]oxa- 
zine-9-carbon itrile 

A solution of N-phenylglyclne ethyl ester (900 mg, 5.0 mmol) in 1.2-dlchloroethane (10 mL) under ar- 
gon at 20*'C was treated with trimethylaluminum (3.0 mL, 2.0 M in toluene, 6.0 mmol) over 1-2 minutes. 
After 15 minutes. (1aR-cis)-1a,7b-dihydro-2,2-dimethyl-2H oxireno[c][1]benzopyran-6-carbonitrile (I.Og, 

so 5.0 mmol, title A compound of example 3) was added at once and stirring was continued for 1.5 hours. 
The mixture was diluted with ethyl acetate, quenched with a few drops of water and filtered through celite 
to remove gelatinous aluminum salts. The filtrate was washed with 5% sodium bicarbonate, water and 
brine, dried over anhydrous magnesium sulfete and concentrated. The residue was triturated with warm 
methanol to give warm methanol to give the title product (392 mg), mp 241-243*>C. [ah = - 129.1 " (c = 

55 0.35 CHCI3). Analysis calculated for. CjoHisNzOS O.U H2O: C,71.29; H,5.47; N, 8.31. Found: C. 71.05; H, 

5.30; N. 8.55. 

B. (3R.cis)-2-[N-(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenylaml- 
no]-N-ethyl-acetamide 
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Aslurry of title A compound (150 mg, 0.45 mmol) in ethanoi/chloroform (lOmL, 10:1) was treated with 
70% aqueous ethylamine (160 nig, 2.5 mmol), the mixture gradually becoming homogeneous over 0.5 
hour. After 2 hours, the solution was concentrated and the residue crystallized from ethyl acetate/hexane 
(1:10) to give the title product (150 mg, 87%), mp 202-204«'C. [ab = + 132.3 " (c = 0.52 CHCI3). Analysis 
5 calculated for C22H26N3O3: C. 69.64; H. 6.64; N, 11.07. Found: C. 69.32; H. 6.39; N. 10.67. 

Compounds of Examples 43 to 1 06 and 1 12 to 11 8 may be prepared by modifying the procedures described 
In Examples 1 to 42 and 107 to 111 as known by those skilled in the art 

Example 43 

10 

(3R-trans)-3,4-Dlhydro-3-hydroxy-2,2-dimethyl-4-[N-[(5-methyl-3l80xazolyl)methyl]phenylamlno]-2H- 
14>enzopyran-6 carbonKrlle 



IS 



20 




M.P. ""C (solvent) 


Rotation [alD"* 


Analysis 


80-90 (foam) 


+36.9 (MeOH) 


Calculated for C23H23N3O3 O.I H2O: C, 70.60; H. 5.97; N. 
10.74. 

Found: C. 70.49; H, 5.58; N, 10.43. 



30 Example 44 

(3R-trans)-4-[(4-Fluorophenyl)[(5-methyl-3-isoxaxolyl)methyl]amlno]-3,4-dihydro-3-hydroxy-2,2-dime- 
thyl-2H-1-benzopyran- e-carbonitrile 



40 




M.P. «C (solvent) 


Rotation [ab* 


Analysis 


80-90 (foam) 


+12.7 (MeOH) 


Calculated for C23H22FN3O3: C, 67.80; H. 5.44; N, 10.31; 
F, 4.66. 

Found: C, 67.84; H, 5.65; N, 10.00; F. 4.57. 



Example 45 

(3S-ci8)-2-[N-(6-Cyano-3Adihydro-3-hydroxy-2^ dlmethyl-2H-1-benzopyran-4-yl)phenylamino]-N-et- 
55 hyl-acetamide 
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M.P. •C (solvent) 


Rotation [a]D'' 


Analysis 


204-206 (EtOAc/Hexanes) 


-132.5(CDCl3) 


Calculated for C22H26N303: 69.64; H, 6.64; N. 
11.07. 

Found: C, 69.42; H, 6.14; N, 10.73. 



Example 46 

(3R*tran8)-[[[5-[[(3,4-Dihydro-3-hydroxy-2^-dlmethyl-2H-1-benzopyran-4-yl)(4-fluorophenyl)^ 
methyl]-2-furanyl]methyt]amlno]acetlc add, ethyl ester, monohydrochlorlde 




M.P. ""C (solvent) 


Rotation [alD"* 


Analysis 


105-115 (EtzO/Hexanes) 


-6.1 (CDCI3) 


Calculated for C28H30FN3O5.1 .0 HQ: C. 61.82; H, 
5.74; N, 7.72; CI. 6.52. 

Found: C. 61.72; H. 5.70; N. 7.47; CI. 6.09. 



Example 47 

(3R-trans)-4-[(4-Fiuorophenyl)[[5-(hydroxymethyl)-2-furanyi]nMthyi]amino]-3,4-dihydro-3.hydr^^ 
2-dlmethyl-2H-1-benzopyran-6-cart)onitrile 
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M.P. ''C (solvent) 


Rotation [ab** 


Analysis 


63-68 (Hexanes) 


•^50.7 (MeOH) 


Calculated for C24H23FN2O4: C, 66.99; H, 5.59; N. 6.51; 
F,4.42. 

Found: C, 67.22; H, 5.81; N. 6.28; CI, 4.46. 



Example 48 

(3R-tran8)-[(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenylamino]acetic 
acid, n-butyl estar 




M.P. ''C (solvent) 


Rotation [ah** 


Analysis 


82-85 (foam) 


i^80.3 (CDCI3) 


Calculated for C24H2SN2O4: C, 70.57; H, 6.91; N, 6.86. 
Found: C. 70.50; H, 7.06; N. 6.84. 



Example 49 

(3R-trans)-[N-(6-Cyano-3p4-dlhydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)phenylamlno]-N- 
phenylacetamide 




M.P.^'C (solvent) 


Rotation [ab** 


Analysis 


135-145 (Hexanes) 


-21.7 (MeOH) 


Calculated for C2BH26N3O3 O.23H2O O.O6 hexanes C,72.48; 
H. 6.07; N, 9.62. 

Found: C. 72.48; H. 6.03; N, 9.17. 



Example 50 

(3R.trans)-4-[N-(2-Furanylmethyl)phenylamino>3,4-dihydro-2,2-dlmethyl-6-(1H-tetraz^ 
zopyran-3-ol 
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M.P. ''C (solvent) 


Rotation [ay* 


Analysis 


130-135 (Hexanes) 


•^35.9 (MeOH) 


Calculated for C23H23N6O3: C, 66.17; H. 5.55; Np 16.78. 
Found: C, 65.87; H. 5.88; N. 16.81. 



Example 51 

(3R-tran8)-3,4-Dihydro-3-hydroxy-2,2-dimethyl-4-[N-[(5-methyl-3-i80xazolyl)methyl]phenylan^ 
1 -benzopy ran-6-carbonitrile 




M.P. ^'C (solvent) 


Rotation [ah^ 


Analysis 


80-90 


+36.9 (MeOH) 


Calculated for C23H23N3O3: C. 70.60; H. 5.97; N. 10.74. 
Found: C. 70.49; H, 5.58; N, 10.43. 



Example 52 

(3S-trans)-3ADihydro-3-hydroxy-4-[N-[(1H-lmidazol-2-yl)methyl]phenykamino]-2,2-dimethyl-2H-^ 
zopy ran-6-carbon itrile 




M.P.«C (solvent) 


Rotation [ah"" 


Analysis 


264-265 (decomposition) 


-23.9 (MeOH) 


Calculated for C22H22N4O2*0.61H2O: C. 68.55; H. 
6.07; N, 14.54. 

Found: C. 68.66; H, 5.99; N. 14.43. 
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Example 53 

(3R-tran8)-3,4-Dihydro-3-hydroxy-2,2-^imothyl-4^[N^2-oxazolyliM 
6-carbonitrile 

5 



10 




15 


MP. »C (solvent) 


Rotation [ak** 


Analysis 




207-208 


+48.8 (CHCI3) 


Calculated for C22H2iN3Os*1.00H2O 0.14EtOAc: C, 68.78; 
H, 5.99; N. 10.36. 


20 






Found: C, 67.12; H, 5.58; N, 9.92. 



Example 54 

25 (3R-trans)-2[[N-(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)phenylamlno]me- 
thyl]-4-oxazolecaiboxylic acidethyl ester 



30 



35 




M.P. ""C (solvent) 


Rotation [ah"* 


Analysis 


99-100 


+16.1 (CHCIa) 


Calculated for C25H25N3O5: C, 67.10; H. 5.63; N, 9.39. 
Found: C. 67.21; H, 5.43; N. 9.22. 



45 Example 55 

(3R-trans)-2[[N-(6-Cyano-3,4-dlhydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)phenylamlno]me- 
thyl]-4-oxozolecarboxyllc acid mono sodium salt 

50 



55 
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M.P.<>C (solvent) 


Rotation [alo"* 


Analysis 


20a-204 


-1-33.3 (MeOH) 


Calculated for C23H2oNaN306-0.84H20: C, 60.50; H, 4.79; 
N, 9.20. 

Found: C. 60.67; H, 4.42; N, 9.03. 



Example 56 

(S*,R>N-QN-(6-Cyano-3^-dihydro-3-hydroxy-2,2-dinriethyl-2H-1-beinopyran-4-yl)phen^ 
-L-serine, methyl ester 




M.P. (solvent) 


Rotation [alD"* 


Analysis 


105-108 


+76.6 (CHCI3) 


Calculated for C24H27N3O8: C, 63.55; H, 6.00; N. 9.27. 
Found: C, 63.25; H, 6.08; N, 9.15. 



Example 57 

(3R-tran8)-4-[N-[(5-Methyl-1,3,4-oxadiazol-2-yl)methyl]phenylamino]-3,4-dihydro-3-hydroxy-2^-di^^ 
thyl-2H-1-benzopyran-6-carbonitrlle 




M.P. 0»C (solvent) 


Rotation [a]o° 


Analysis 


201-202 


+2.1 (CHCI3) 


Calculated forC22H22N4O3 0.13H2O: C, 67.28; H, 5.71; N, 
14.27. 

Found: C, 67.41; 5.80; N, 14.14. 



Example 58 

(3R-tran8)-4[(4-Chlorophenyl)(2-oxazolylmethyl)amlno]-3Adlhydro-3-hydroxy-2^-dlmethyl-2H-1-ben- 
zopyraii-6-carbonitrile 
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M.R (TC (solvent) 


Rotation [alo** 


Analysis 


149-150 


+66.1 (MeOH) 


Calculated for C22H2dCIN3O3 0.43H2O: C. 63.26; H, 5.04; 
N. 10.06. 

Found: C. 63.58; H, 4.71; N, 9.74. 



Example 59 

(3R-trans)-4-[N-(1H-Benzimidazol-2-ytmethyl)phenylamlno]-3Adlhydro-3-hydroxy-2,2-d 
benzopyran-6-cartionltrlle 




M.P. 0<»C (solvent) 


Rotation [alo*" 


Analysis 


246-247 (decomp) 


-57.7 (CHCI3) 


Calculated for C26H24N4O2: C. 73.57; H. 5.70; N, 13.20. 
Found: C, 73.52; H, 5.81; N, 12.80, 



Example 60 

(3R-trans)4-[(2-Benzoxazolyl)[2-(4-morphollnyl)ethyl]amlno]-3,4-dlhydro-3-hydroxy-2,2-dimethyl-^ 
1 -benzopyran-6-carbon itrlle 
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MP. O^'C (solvent) 


Rotation [alo*" 


Analysis 


110-115 


+50,2 (MeOH) 


Calculated for C26H2BN4O4 I.I5 H2O: C. 63.99; H. 6.51; 
N, 11.94. 

Found: C, 63.98; H. 6.15; N, 11.92. 



Example 61 

10 

(3R-tran8)-4-[(2-Furanylniethyl)(2-pyrimidlnyl)amlno]-3Adihydro-3-hydroxy-2,2-dim6thyl-2H^ 
pyran-6-eart>onltrile 




MP. 0°C (solvent) 


Rotation la]o° 


Analysis 


65-75 


+76.8 (MeOH) 


Calculated for C21H20N4O3 O.85H2O: C, 64.39; H, 5.58; N, 
14.30. 

Found: C, 64.04; H, 5.17: N, 13.97. 



30 

Example 62 

(3R-trans)-3,4-Dihydro-3-hydroxy-2,2-dlmethyl-4[(2-pyrazinyl)-(3-pyridinylmethyl)amino]-2H-1-benzo- 
35 pyran-6-carbonltrlle 



40 



45 




M.P. ^'C (solvent) 


Rotation lah° 


Analysis 


110-112 


-9.8 (MeOH) 


Calculated for C22H2iN5O2 0.38H2O-1.42TFA C, 53.64; H, 
4.20; N, 12.59; F, 14.55. 

Found: C. 53.45; H. 3.79; N, 12.23; F. 14,17. 



55 

Example 63 

(3R-trans)-3,4-Dihydro-3-hydroxy-2,2-dlmethyl-4>[(3-pyridiiiylmethylK2-pyrimidln^ 

35 
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pyran-G-carbonitrile 



5 




M.P. *»C (solvent) 


Rotation [alD"" 


Analysis 


102-105 


+6 (MeOH) 


Calculated for C22H2iN5O2 0.5H2O-1.65TFA: C, 51.98; H» 
4.08;N, 11.98; F. 16.09. 

Found: C. 51.62; H, 3.71; N. 11.78; F.15.85. 



20 

Example 64 

(3R-trans)-4-[(2-Benzoxazolyi)(2-pyridinylmethyi)annlno]-3,4dihydro-3-hydroxy-2,^^^ 
zopyran-6-carbonitrile 

25 



30 




M.P. ''C (solvent) 


Rotation [alo"" 


Analysis 


122-124 


+49.6 (MeOH) 


Calculated for C2sH23N4O3 O.3C4H10O O.2H2O: C, 69.51; H, 
5.61; N, 12.38. 

Found: C. 69.13; H, 5.27; N. 12.35. 



Example 65 

45 

(3R.trans)-3,4-Dlhydro-3-hydroxy^2,2-dImethyl-4-[(2-pyrlmldlnyl)(2-pyridlnyimethyl)amlno]-2H-1-ben- 
zopyran-6-carbonltrlle 
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MP. ""C (solvent) 


Rotation [ah" 


Analysis 


227-228 


-61.5 (CHQa) 


Calculated for C22H21NS02 O.35H2O: C, 67.12; H. 5.55; N. 
17.79. 

Found: C, 67.19; H, 5.25; N, 17.72. 



Example 66 

10 

(3R-trans)-4[(4-Fluorophenyl)(2-pyridlnylnfiethyl)amino]-3Adlhydr(^hydroxy-2,2-dimeth 
zopyran-6-carbonltrlle 



IS 



20 




M.P. «C (solvent) 


Rotation [ah** 


Analysis 


182-184 


-56.2 (MeOH) 


Calculated for C24H22N3O2F O.2H2O: C. 70.82; H, 5.55; N. 
10.32; F, 4.67. 

Found: C, 70.73; H, 5.42; N, 10.32; F, 4.52. 



30 

Example 67 

4-[4-Fluoro-N-(1H-lmldazol-2-ylmethyl)phenylamino]-3,4-dihydro-2p2-dimethyl-2H-1-benzopyran-6- 
35 carbonltrile 



40 




M.P. *»C (solvent) 


Rotation [a]D** 


Analysis 


122-124 




Calculated for C22H21N5OF.O.IC4H6D.O.95H2O: C, 67.10; 
H, 6.01;N, 13.97; F. 4.75. 

Found: C. 67.45; H, 6.10; N, 13.55; F. 4.85. 



55 Example 68 

(3R-tran8)-4-[(4-Fluorophenyl)(2-pyrlmidlnyl)amino]-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzo- 
pyran-6-carbonitrile, monohydrochloride 
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M.P.^'C {solvent) 


Rotation lay" 


Analysis 


182-184 


-37.2 (CD3OD) 


Caculated for C22HigN4O2F 0.85 HCI O.THsO: C. 60.88; H, 
4.93; N. 12.91; CI, 8.94; F, 4.38, 

Found: C, 61.25; H, 4.82; N, 12.47; CI, 6.75; F. 3.93. 



Example 69 

(3R-trans)-4-[(2-Furanylmethyl)(2-pyrazinyl)anrilno]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H 
pyran-6-carbonitrile 




M.P. <>C (solvent) 


Rotation [af 


Analysis 


88-90 


+100.8 (MeOH) 


Calculated for C21H20N4O3.O.6 H2O.O.4TFA: C. 60.49; H. 
5.03: N, 12.94; F. 5.27. 

Found: C, 60.51; H. 4.92; N, 12.75; F, 5.41. 



Example 70 

(3R-tran8)-4-[(2-Benzothlazolyl)(3-pyrldlnylmethyl)am!no]-3Adihydro-3-hydroxy-2,2-dlmethyl-2H-1- 
benzopyran-6-carbonitrite 
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M.P. ^'C (solvent) 


Rotation [alo* 


Analysis 


134 




Calculated for C2sH22N402S 0.5H20*0.25C4HioO: C, 66.43; 
H, 5.47; N, 11.92; S, 6.82. 

Found: C. 66.39; H. 5.20; N. 11.72; S. 6.89. 



Examplo 71 

10 

(3R-tran8)-4[(4-Fluorophenyl)(3-pyridlnylmet hyl)amlno]-3 Ad ihydro-3-hydroxy-2^-diinet hyl-2H-1 -ben- 
zopyraii-6*carbonitrlle 



IS 



20 




M.P. *>C (solvent) 


Rotation [alD"* 


Analysis 


184-185 


-55.0 (MeOH) 


Calculated for C24H22N3O2F'0.2CHa3: C. 68.02; H, 5.24; 
N, 9.82; F, 4.45. 

Found: C. 68.12; H, 5.14; N, 9.48; F, 4.66. 



Example 72 

35 (3R-tran8)-4[(2-Benzothiazolyl)(3-pyiidinylmethyl)amino]-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H^ 
benzopyran-6-carbonitrile, 1 -oxide 



40 



45 




M.P. *»C (solvent) 


Rotation [a]D° 


Analysis 


195-202 




Calculated for C26H22N4SO3 0.76H2O: C, 63 .59; H, 5.02; 
N, 11.87; S, 6.79. 

Found: C, 63.89; H, 4.86; N. 11.57; S. 6.22. 
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Example 73 

(3R-tran8)-4-[(4-Chloroph6nyl)[2-(4-moipholinyl)ethyl]amlnoh3,4-dihydro-3-h^^ 
l-benzopyran-G-carfoonftrile, monohydrochloride 

5 



10 




IS 



M.P. (solvent) 


Rotation [ah"* 


Analysis 


165-170 


-30.4 (MeOH) 


Calculated for C24H2BN3O3a O.84C4H10O-l.OHa: C. 
60.78; H, 6.97; N, 7.77, a. 13.11. 

Found: 0, 60.63; H, 6.57; N, 7.32; a, 12.95. 



Example 74 

(3R-trane)-4[(4-Fluorophenyl)[2-(4-moiphollnyl)ethyl]amlno]-3,4-dihydro-3-hydroxy-2.2-dimethyl-2H^ 
1-benzopyran-6-carbonltrlle, monohydrochloride 



M.P. *>C (solvent) 


Rotation [a]o** 


Analysis 


170-175 


-36.5 (MeOH) 


Calculated for C24H28N3O3F.O.55H2O O.I5 C4HioO'1 .1 HCl: 
C, 60.71; H, 6.57; N. 8.64; F. 3.90; a, 8.01. 

Found: C, 60.75; H, 6.47; N. 8.47; F, 3.59; CI, 7.94. 



45 

Example 75 

(3R-trans)4-[(6-Chloro-3-pyrldazinyi)[2-(4-morpholinyl)ethyl]amlno]-3,4-dihydro-3-hydroxy-2,2-dlme- 
50 thyl-2H-1-benzopyran-6-carbonltrlle, hydrochloride 



55 



40 



EP 0 648 758 A1 




M.P. ^'C (solvent) 


Rotation [alo'' 


Analysis 


>200 


+9.5 (MeOH) 


Calculated for C22H2eN603a' 1.45 HCI O.29H2O: C, 52.69; 
H. 5.54; N, 13.96; CI. 17.32. 

Found: C. 52.93; H, 5.30; N, 13.72; Q. 17.32. 



Example 76 

(3R-t^ans)-4-[(2-BenzothiazolylX1H-lmldazd-^ylmethyl)aml^o]-3,4-dlhydr^ 
1 -benzopyran-6-earbonitrile, monohydrochloride 




M.P. **C (solvent) 


Rotation [alD** 


Analysis 


>200 


-17.5 (MeOH) 


Calculated for C23H2iN5O2S-1.36Ha 0.56H2O: C, 56.24; 
H, 4.82; N, 14.26; CI, 9.82; S, 653. 

Found: C. 56.62; 4.46; N. 13.88; Q, 9.83; S, 6.47. 



Example 77 

(3R-tran8)-4-[(6-Chloro-3-pyridazinyl)(1H-lmidazoi-2-yimethyl)amlno]-3Adlhydro-3-hydroxy-2,2-dl^^ 
thyl-2H-1-benzopyran-6-cai1ionltriie, monohydrochloride 




41 




EP0648 758A1 



M.P.<>C (solvent) 


Rotation [ah^ 


Analysis 


210 


-1.9 (MeOH) 


Calculated for C2oHi9Ne02CI HCI 0.64H20: C, 52.36; H. 
4.67; N. 18.32; 0.15.46. 

Found: C. 52.60; H. 4.39; N. 18.08; a, 15.60. 



Example 78 

10 

(3R-trans)-4-[(5-Trifluoromethyl-2-pyridinyi))(1H-lmidazol-2-ylmethyl)aniino]-3Adlhydro-3-h 
2^-dinnethyl-2H-1-benaEopyran-6-carfoonltrlle, monohydrochloride 



■xiT 



MP. «»C (solvent) 


Rotation [ah** 


Analysis 


180 


+2.5 (MeOH) 


Calculated forC22H2oN502F3-1.15HCI 0.5C4HioO: C, 
55.17; K 5.05; N. 13.41; CI. 7.80; F. 10.91. 

Found: C. 55.03; H, 4.27; N, 13.11; CI, 7.60; F. 10.99. 



30 

Example 79 

(3R-trans)-3,4-Dlhydro-3-hydroxy-2,2-dlmethyl-4-[[2-(4-moiphol!nyl)ethyi](4-phenyl-2-thiazo^^ 
35 2H-1-benzopyran-6-carbonitrile, monohydrochloride 



40 



45 




M.P. °C (solvent) 


Rotation [a]D° 


Analysis 


170 


-22 (MeOH) 


Calculated for C27H30N4O3S-l.35Ha.H2O: C, 58.13; H, 
6.03; N. 10.04; Q, 8.58; S, 5.75. 

Found: C. 58.38; H, 5.37; 9.60; 8.68; S. 6.19. 



55 



42 




EP 0 648 758 A1 



Example 80 

(3R-tran8)-3,4-Dihydro-3-hydroxy-4-[(1H-lmldazot-2-yl-methyl) (4-phenyl-2-thlazolyl)ainino]-2,2-diin»- 
thyl-2H-1-benzopyran-6-carl>onitrile 

5 



10 




M.P.«C (solvent) 


Rotation [ah"* 


Analysis 


160-170 


+16.0 (MeOH) 


Calculated for C26H23N602S O.2H2O O.1C4HsO2: C, 64.91; 
H, 5.19; N, 14.91; S, 6.82. 

Found: C. 65.23; H, 5.14; N, 14.49; S, 7.61. 



25 Example 81 

(3R-trans)-3,4-DIhydro-3-hydroxy-4-[(1H-imldazol-2-yl-methyl)-(4-methyl-24hlazolyl)amlnoh2 
thyl-2H-1-benzopyran-6-carbonltrlle 



30 



35 




40 


M.P. (solvent) 


Rotation [ay* 


Analysis 




178-183 


+7.4 (MeOH) 


Calculated for C2DH21N6O2S O.I5H2O O.17C4H8O2: C. 
60.12; H, 5.53; N. 16.95; S. 7.76. 


4$ 






Found: C. 60.10; H. 5.37; N. 16.59; S, 7.75. 



Example 82 

50 (3R-tran8)-N-[2.[N-(6-Cyano-3,4-dihydro-3-hydroxy-2^-dimethy|.2H-1-benzopyran-4-yl)phenytamino] 
ethyl]-2^-dlmethyl-propanamlde 

55 



43 




EP 0 648 758 A1 



5 

NC. 




M.P. «C (solvent) 


Rotation [ah"* 


Analysis 


194-195 (hexanes) 


+61.1 (DMF) 


Calculated for C26H31N3O2 O.I5H2O: C, 70.78; H. 7.44; N. 
9.91. 

Found: C, 70.89; H, 7.42; N, 9.80. 



Example 83 

20 

(3R-trans)-N-[2-[N-(6-Cyano-3Adihydro-3-hydroxy-2,2-dlmethyi-2H-1-benzopyran-4-yl)phenylamino] 
ethyl]-N'-phenylurea 



25 



30 




M.P. ^'C (solvent) 


Rotation lay 


Analysis 


193-195 


+32.3 (DMF) 


Calculated for C27H26N4O3 O.34H2O: C, 70.10; H, 6.25; N, 
12.11. 

Found: C. 69.72; H. 6.07; N, 11.79. 



Example 84 

45 

(3R-trans)-N-[2-[N-(6-Cyano-3,4-dlhydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yt)phenylamino] 
ethyl]-1-pyrrolldinecarboxamlde 




44 



EP 0 648 758 A1 



MP. ""C (solvent) 


Rotation [ah"* 


Analysis 


125-135 


+35.8 (DMF) 


Calculated for C26H30N4O3 O.38H2O: C, 68.03; H. 7.02; N. 
12.69. 

Found: C, 68.13; H. 7.05; N. 12.21. 



Example 85 

(3R-tran8)-3,4-D ihy d ro-3- hy droxy*2,2-dimet hyi-4[N-[(2-oxo-1-py rrolidinyi)et hyl)phenyl]ainino]-2H-1 
benzopyran-6-carbonitrlle 




MP. -'C (solvent) 


Rotation [ah'' 


Analysis 


214-216 


+14.4 (DMF) 


Calculated for C24H27N3O3 O.I8H2O: C, 70.53; H. 6.75; N, 
10.28. 

Found: C, 70.57; H, 6.57; N. 10.24. 



Example 86 

(3R-trans)-[[(6-Cyano-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-14>enzopyran-4-yl) 
methyl]ph08phonic acid, diethyl ester 




M.P. ^'C (solvent) 


Rotation [aJo*" 


Analysis 


55-56 


+7.2 (MeOH) 


Calculated for C23H28N2FPO5 O.27H2O: C, 59.12; H, 6.16; 
N, 5.99; F, 4.07; P, 6.63. 

Found: C, 59.23; H. 6.15; N, 5.88; R 3.86; P, 6.43. 



Example 87 

[N-(4-aorop»ienyl)-N-(6<yano-3^ihydro-2,2KllnMthy^ add, ethyl ester 



45 



EP0648 758A1 




M.P. «C (solvent) 


Rotation (ak'* 


Analysis 


55-57 




Calculated for C22H23N2aO3 0.02CHCl3: C, 65.32; H, 5.83; 
N, 6.92; a. 9.28. 

Found: C, 65.38; H. 5.79; N. 6.90; O, 9.49. 



Example 88 

4-[(4-Clorophenyl)(1H-imidazol-2-ylinethyl)amino]-3,4-dihydn>-2,2-dimethyl-2H-1-benzopyra 
nitrlle 



H 



M.P. <>C (solvent) 


Rotation [a]o'' 


Analysis 


212-214 




Calculated forC22H2iN4aO 0.42H2O: C, 66.16; H, 5.26; K 
14.03. 

Found: C. 66.42; 5.33; N, 13,77. 



Example 89 

(3R-trans)-3,4-Dthydro-3-hydroxy-2>dinMtliyM(N-[(34nethyl-1 
«2H-1-benzopyran-6-carbonltrile 




46 
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M.P. "^C (solvent) 


Rotation [ak^ 


Analysis 


148-149 


+60.6 (MeOH) 


Calculated for C22H22N4O3: C, 67.68; H. 5.68; N, 14.35. 
Found: 67.74; H, 5.58; N. 14.34. 



Example 90 

(3R-tran8)-4[(4-Chlorophenyl)[(3-methyl-1^^oxadiazol-5-yt)methyl]amlnoh3,4-dih 
2-dimethyl-2H-1-benzopyran-6-carbonitrile 




M.P. ''C (solvent) 


Rotation [ay* 


Analysis 


102-105 (hexanes) 


+79 (MeOH) 


Calculated for C22H2iN4aO3-0.24 HjO: C, 61.57; H. 5.04; 
N, 13.05; CI, 8.26. 

Found: C, 62.00; H, 5.09; N, 12.62; Q, 8.64. 



Example 91 

(3R-tran8)-4-[(4-Fluorophenyl)[(3-methyl-1,2,4-oxadlazol-5-yl)methyl]amino]-3,4-dihydro-3-hydroxy-2, 
2-dimethyl-2H-1-benzopyran-6-carbonitrlle 



O Ms 



M.P. ^'C (solvent) 


Rotation [a]o° 


Analysis 


116-118 (hexanes) 


+37.6 (MeOH) 


Calculated for C22H21N4FO3.O.O2 H2O: C. 64.65; H. 5.19; 
N, 13.71; F. 4.65. 

Found: C, 64.65; H. 5.19; N, 13.71; F. 4.65. 



Example 92 

(3R-tran8)-[N-[3,4-Dihydro-3-hydroxy-2,2-dlmethyl-7-(trlfluoromethyl)-2H-1-benzopyran-4-yl]^ 
mlno]acetlG acid, ethyl ester 



47 
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0-.-X- 

F 



MP. «C (solvent) 


Rotation [ajp** 


Analysis 


100-103 


-102 {CHCI3) 


Calculated for C22H24NF3O4: C, 62.19; H, 5.73; N, 3.30. 
Found: C, 62.33; H. 5,54; N, 3.16. 



Example 93 

(3R-tran8)-3p4-Dihydn>-3-hydf03^-4-[N-Q3-(hydroxymethyl)-1p2,4-oxadlazol-5-y^ 
2;2-dlnnethyl-2H-1-benzopyran-6-carbonltrlle 




M.P.^C (solvent) 


Rotation [ay 


Analysis 


95-98 (hexanes) 


+69.8 (MeOH) 


Calculated for C22H22N404: C. 65.01; H, 5.46; N, 13.78. 
Found: C, 64.77; H, 5.46; N, 13.46. 



Example 94 

(3R-trans)-[N-[3,4-Dihydro-3-hydroxy-2,2-dimethyl-8-(trlfluoromethyl)-2H-1-benzopyran-4-yl]phenyla- 
mlno]acetlc acid, ethyl ester 




48 
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M.P. «C (solvent) 


Rotation [alD*" 


Analysis 


45-48 


+82 {CHCI3) 


Calculated for C22H24NF3O4*0.17 H2O: C, 61.96; H, 5.75; 
N, 3.28. 

Found: C. 62.34; H, 5.52; N, 2.90. 



Example 95 

10 

(3R-trans)4-[(4-Chlorophenyl)03-(hydroxymethyl)-1,2AoxadlazoU5-yl]methyl]annino]-3,4.dih^^ 
hydroxy-2,2-dlniethyl-2H-1-benzopyran-6-cart)onitrile 



20 




MP. ^'C (solvent) 


Rotation [alD"" 


Analysis 


101-103 (hexanes) 


+83 (MeOH) 


Calculated for C22H2iN4aO4 0.19 H2O: C. 59.46; H, 4.85; 
N, 12.61; a. 7.98. 

Found: C. 59.82; H. 4.77; N, 12.25; Q, 7.58. 



30 

Example 96 

(3R-trans)-4-[(4-Fluorophenyl)[[3-(hydroxymethyl)-1,2.4-oxadiaM(-5-yl]methyl]amino]-3,4-dihydro-3- 
hydroxy-2,2-dlmethyl-2H-1-benropyran-6-carbonitrile 

35 



M.P. ^'C (solvent) 


Rotation [ay 


Analysis 


115-118 


+40.3 (MeOH) 


Calculated for C22H21FN4O4 O.75 H2O: C, 60.35; H, 5.18; 
N. 12.79; F. 4.34. 

Found: C. 60.73; H. 4.85; N. 12.41; F. 4.09. 



Example 97 

55 (3R-tran8)4-[N-[(3-Amlno-1,2.4-oxadlazol-5-yl)methyl]phenylamlno]-3,4Klihydro-3-hydroxy-2,2Hl^^ 
thyl-2H-1-benzopyran-6-carbonltrlle 



49 
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M.P. ^'C (solvent) 


Rotation [ah"* 


Analysis 


203-205 


+51.4 (MeOH) 


Calculated for C21H21N6O3 O.5 H2O: C, 62.99; H, 5.41; N, 
17.49. 

Found: C, 63.43; H, 5.18; N. 17.05. 



Example 98 

(3R-trans)-[N-(6-Benzoyl-3,4-dihydi^3-hydroxy-2,2-dlinethyl-2H-1-benzopyran-4-yl)phenytaiiiino] 
acetic acid, ethyl ester 




M.P. ^'C (solvent) 


Rotation [ah'' 


Analysis 


144-145 


+58.9 (MeOH) 


Calculated for C28H2dNO5 0.19 H2O: C, 72.65; H. 6.40; N, 
3.03. 

Found: C. 72.72; H, 6.70; N. 2.96. 



Example 99 

(3R-trans)-[(6-Cyano-3p4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4^yl)[4-fluoro-3-[(phenyl- 
methoxy)carfaonyl]phenyl]amino]acetic acid, ethyl ester 




50 




EP0648 758A1 



MP. <»C (solvent) 


Rotation [ah** 


Analysis 


61-61 


•^31. 8 (MeOH) 


Calculated for CaoHzaFNzOe- 1.24 HjO: C. 64.93; H, 5.72; 
N, 5.05. 

Found: C. 65.24; H, 5.33; N, 4.74. 



Example 100 

10 

(3R-tran8)-[[5-[[(6-Cyano-3,4-dlhydro-3-hydroxy-2,2-dimethyl-2H-1-beiuopyran-4-yi)(4-fluorophenyq 
ainlno]methyl]-1,2,4-oxadiazol-3-yl]methoxy]ac6tlc acid 



20 




COOH 



M.P. »C (solvent) 


Rotation [ab"" 


Analysis 


125-128 


+30 (MeOH) 


Calculated for C24H23FN406-1.47 HjO: C, 58.72; H, 4.91; 
N, 11 .41 ;F. 3.87. 

Found: C, 59.15; H, 4.22; N. 10.98; F. 3.55. 



50 Example 101 

(3R-tran8)-[[5-[[(4-Chlorophenyl}(6-cyano-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl) 
amino]met hyl]-1 ,2,4-oxadiazoi-3-yi]met hoxyjacetic acid 

35 



40 




M.P. ^C (solvent) 


Rotation [ah"" 


Analysis 


145-148 


+51.7 (MeOH) 


Calculated for C24H23CIN4O6: C. 57.78; H, 4.65; N, 11.23; 
a. 7.11. 

Found: C. 57.45; H, 4.74; N. 10.98; a. 7.07. 



50 

Example 102 

(3R-trans)-[(3-Carboxy-^fluorophenyl)(6-cyano-3»4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran- 
55 4-yl)amino]acetlc acid, ethyl ester 



51 
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10 





M.P. ''C (solvent) 


Rotation [alD"* 


Analysis 


IS 


195-197 


+51.4 (MeOH) 


Caiculated for C23H23FN2Oe 0.35 H2O: C, 59.40; H. 5.06; 
N, 5.93. 






Found: C, 59.70; H, 4.76; N, 5.60. 



Example 103 

20 

(3R-trans)-4-[(4-Fluorophenyl)[(2-methyl-2H-tetrazol-5.yl)methyl]amino-3,4-dihydro-3-hydro^^ 
methyl-2H-1-benzopyran-6-cait)onitrile 



25 



30 




M.P. (y*C (solvent) 


Rotation [alo^ 


Analysis 


145-148 




Calculated for C21H21FN6O2: C, 61.76; H. 5.18; N, 20.58. 

Found: C, 61.87; H, 4.96; N, 20.74. 



40 Example 104 

(3R-tran8)4[(4-Fluorophenyl)[(1-methyl-1H-tetrazol-5-yi)methyllamlno-3,4-dihydro-3-hydroxy-2,2-di- 
methyi-2H-1-benzopyran-6-carfoonitriie 

M. 

° Me 

55 
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M.P. «C (solvent) 


Rotation [af 


Analysis 


130-135 




Calculated for C2iH2iFNe02: C. 61.76; H. 5.18; N, 20.58. 
Found: C. 61.62; H. 5.23; N. 19.85. 



Example 105 

10 (3R-trans)-3,4-Dihydro-3-hydroxy-2,2-diniethyl-4-[N-[2-nnethyl8ulflnyl)ethyl]phenylamino]-2H-1-ben^ 
zopyran-6-carbonitrile 



15 




M.P. ^'C (solvent) 


Rotation lah"* 


Analysis 


75-85 (shrinlcs) 


-122(CHCl3) 


Calculated for C21H24N2O3S O.46 H2O: C, 64.21; H, 6.40; 
N, 7.13; S, 8.16. 

Found: C, 64.26; H, 6.38; N, 7.08; S, 7.88. 



Example 106 

30 

(3R-t^ans)-3|4-Dihydro-3-hydroxy-2,2-dlmethyl-4-[N-[2-(methylsulff6nyl)ethyl]phenylamlno^2H-1-ben- 
zopyran-6-carbonitrlle 



35 




M.P. ""C (solvent) 


Rotation [ah"* 


Analysis 


75-85 (shrinl^s) 


-76.9 (CHCU) 


Calculated for C21H24N2O3S O.58 H2O: C, 61.37; H, 6.17; 
N. 6.82; S. 7.80. 

Found: C, 61.76; H, 6.15; N, 6.43; N, 7.53. 



gQ Example 107 

(3R-trans)-4-[4-Ch!oro-N-[(1H-imldazol-2-yl)methyl]phenylamIno]-3Adihydro-3-hydroxy"2,2-dimethyl- 
2H-1-benzopyran-6-carbonltrlle, monohydrochloride 

55 



53 




10 A. N-(4-Chlorophenyl)-N-[(1H-imldazol-2-yl)methyl]amlne 

A mixture of 4-chloroaniline (66.65 g, 522.43 mmol) and 2-imidazolecarboxaldehyd6 (50.2 g, 522.43 
mmol) in methanol (1000 mL) was stirred at SS-eO^'C overnight. The light brown reaction mixture was 
cooled in an ice bath and treated with sodium borohydride (21.74 g. 574.67 mmol) in small portions. The 
reaction mixture was allowed to warm to room temperature and stirred for two hours. It was concentrated 

IS and partitioned between water (-500 mL) and ethyl acetate (1200 mL), giving a white solid/aqueous layer 

and a brown organic layer. The organic layer was removed and the aqueous mixture was reextracted with 
ethyl acetate (3x200 mL). The combined organic layers were washed with brine, dried over sodium sulfate 
and concentrated. The resulting mixture was treated with hexanes and stored in the freezer for two hours. 
The white solid was collected by filtration and washed with cold ethyl acetate/hexane (2:1) to provide the 

20 title product (83.36 g. 77%) as a white solid, mp 163-165'*C. Analysis calculated for C10H10CIN3: C, 57.84; 

H. 4.85; N, 20.23; CI, 17.07. Found: C, 57.82; H. 4.85; N, 20.04; a, 16.77. 

B. (3R-trans)-4-[4-Chloro-N-[(1H-lmldazol-2.yl)methyl]phenylainlno]-3,4-dihydro-3-hydroxy-2,2-dl- 
methyl-2H-1-benzopyran-6-cart)onitrile 

A mixture of title A compound (41.3 g, 198.79 mmol), title A compound of Example 3 (40.0 g. 198.79 
25 mmol) and anhydrous cobalt chloride (25.8 g, 1 98.79 mmol) in dry acetonitrile (1 60 mL) under argon was 
heated at 60*'C (oil bath temperature) for 28 hours. The reaction mixture was allowed to coot to room tenr>- 
perature and treated with saturated sodium bicarbonate (600 mL) followed by ethyl acetate (1600 mL). 
The well shaken mixture was filtered through a short pad of celite, yellow organic layer was separated and 
washed with brine. After drying over anhydrous sodium sulfate, the solvent was removed and the residue 
30 was treated with hexanes (1000 mL) and ethyl acetate (100 mL). The mixture was heated on a steam bath 

(10-20 minutes), allowed to cool to room temperature and filtered to afford a white solid. This material was 
heated with methanol (2000 mL) for 1 5 minutes, allowed to cool to room temperature and filtered to provide 
(3R-trans)-4-[4-Chloro-N-I(1H-imida20l-2-yl)methyl]phenylaminol-3,4-dihydro-3-hydroxy-2,2-dimethyl-2 
H-1-benzopyran-6-carbonitrile (44.72 g, 55%) as a colorless solid mp 266-267°C. [a]o= +46.9'' (c = 1.15, 
35 acetone). 

C. (3R-trans)-4-[4-Chloro-N-[(1H-lmidazol-2-yl)methyl]phenylaminop3,4-dihydro-3-hydroxy-2,2-di- 
methyl-2H-1-benzopyran-6-carbonlti1le, mono hydrochloride 

A solution of title B compound (50.0 g, 122.29 mmol) in anhydrous tetrahydrofuran (800 mL) at O^'C 
was treated with a freshly prepared 4.0N hydrogen chloride gas in diethyl ether (36.6 mL, 178.61 mmol). 
40 The solution was stirred at 0°C for ten minutes and the solvent was removed to give a yellow oil which 

was treated with diethyl ether to give the title product (55.87 g. 98%) as a white solid, mp 1 89- 190''C. Ana- 
lysis calculated for C22H2iaN4O2 Ha 0.40H2O 0.20THF: C, 58.64; H, 5.27; N. 12.00; CI. 15.18. Found: C. 
58.72; H. 5.39; N, 11.72; O, 15.46. [ah = +9-5« (c = 1.00. MeOH) 

45 Example 108 

(3R-trans)-4-[4-Chloro-N-[(1H-lmldazol-2-yl)methyl]phenylamlno]-3.4-dlhydro-3-riydroxy-2,2-dlmethy^ 
2H-1-benzopyran-6-carbonltrile. hydrogensulfate 

so 



H 



55 




54 




The title compound was prepared from the title B compound of Example 107 by treatment with concen- 
trated sulfuric acid In tetrahydrofuran. The solvent was renwved and the product was triturated with ether to 
give a colorless solid, mp 1 54-1 SB^'C. Analysis calculated for C22H2iCIN4O2*H2SO4-0.9H2O 0.30Et2O: 51 .09; 
H, 5.14; N. 10.27; O. 6.60; S. 5.88. Found: C, 50.89; H, 4.83; N, 10.01; CI, 6.67; S, 6.17. [ak = + 6.8» (c = 
5 1.12, MeOH). 

Example 109 

(3R-tran8)-4-[4-Chloro-N-[(1H-lmidazol-2-yl)methyl]phenytamlno]-3^dlhydro-3-hydroxy-2,2-dlmdthyi- 
10 2H-1-benzopyran-6-carfoonitrlle, methanesulfonats 



H 

20 ^ Me 

The title compound was prepared from the title B compound of Example 107 by treatment with methane- 
suifonic acid in tetrahydrofuran. The solvent was removed and the product was triturated with ether to give a 
colorless solid, mp 155-156°C. Analysis calculated for C22H2iCiN402 MeS03H-1 .0H2O 0.06Et2O: C: 52.92; H, 
25 5.27; N. 10.62; a. 6.72; S. 6.08. Found: C. 52.92; H. 5.17; N, 10.23; CI, 6.50; S, 6.57. [a]o = + 8.0' (c =1.31. 
MeOH). 

Example 110 

30 (3R-trans)-4-[4-Chloro-N-[(1H-imidazoi-2-yl)methyi]phenylam!no]-3,4-dlhydro-3-hydroxy-2^-dime- 
tliyl*2H>1-benzopyran-6-carbonltrile, phosphate 



H 

The title compound was prepared from the title B compound of Example 1 07 by treatment with phosphoric 
acid In tetrahydrofuran. The soh/ent was removed and the product was triturated with ether to gh/e a colorless 
45 solid, mp 160-16rC. Analysis calculated for C22H2iaN4O2 H3PO4-3.4H2O 0.35Et2O: C. 47.31 ; H, 5.82; N, 9.43; 
CI. 5.87. Found: C, 47.34; H. 5.06; N, 9.07; CI. 5.92. (ab = +18.8' (c =1.18, MeOH). 

Example 111 

so (3R.tran8)-4-[4-Chloro-N-[(1H-lmldazoi-2-yl)methyl]phenylamino]-3,4-dihydro-3-hydroxy-2,2-dime- 
thyl-2H-1-benzopyran-6-carbonltrile, nitrate 



35 



40 



55 



55 



5 




10 The title compound was prepared from the title B compound of Example 107 by treatment with nitric acid 
in tetrahydrofuran. The solvent was removed and the product was triturated with ether to give a coloriess solid, 
mp 141-142^0 (decomposition). Analysis calculated for C22H21CIN4O2 HNO3 O.48H2O O.aOEtjO: .C, 55.28; H. 
5,08; N, 14.14; Ci, 7.16. Found: C, 55.29; H. 5.11; N, 13.82; Q, 7.05. [ab = +8.3 (c = 0.99. MeOH). 

IS Example 112 

[3R-[3a^p(R*)]]-3,4-Dihydro-3-hydroxy-2,2-dimethyl-4-[N-[[5-oxo-1-(phenylmethyl)-2-pyrrolidiiiyl]me- 
thyl]phenylamino]-2H-1-benzopyran-6-carbonltrile 



25 




M.P.«C (solvent) 


Rotation [ah** 


Analysis 


161-163 


-102 (CHCI3) 


Calculated for C3oH3iN303 0.53 H2O: C, 73.36; H. 6.58; N. 
8.55. 

Found: C. 73.59; H. 6.49; N, 8.32. 



35 

Example 113 

[3R-[3a,4p(S*)]]-3,4-Dihydro-3-hyd roxy-2,2-dlmet hyl-4[N-[[5-oxo-2-py r rol id iny I) met hy l]phenylamino]- 
40 2H-1-benzopyran-6-carbonitr!le 



45 






M.P. *»C (so^ent) 


Rotation [alo** 


Analysis 


55 


186-189 


-116(CHCl3) 


Calculated for C23H25N3O3 0.50 H2O: C. 68.98; H, 6.54; N. 
10.49. 






Found: C. 69.16; H. 6.49; N. 10.31. 
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Example 114 

[3R-Pa^(R*}I|-3p4-Dihydfo-3-hydroxy-2,2-dimethyl-4-[N-[(5-oxo-2-pyrrol^ 
2H-1-benzopyran-6-carbonltrile 



10 




MP. ^'C (solvent) 


Rotation [aJo** 


Analysis 


amorphous solid 


-34 (CHQa) 


Calculated for C23H25N3O3 O.86 HsO O.asCeHuO: C. 
88.04; H, 7.04; N, 9.72. 

Found: C, 68.03; H. 6.68; N, 9.68. 



Example 115 

25 (3R-trans)-4-[(1>Dimethyl-1H-pyrazol-3-yl)methyl]phenytamlno]-3,4-dihydro-3-hydroxy-2»2<^ 
2H-1-benzopyran-6-carbonitrile 



30 



35 




M.P. (solvent) 


Rotation [ah** 


Analysis 


194-199 


+27.1 (MeOH) 


Calculated for C24H2ttN4O2 0^3 H2O: C. 70.90; H. 6.56; N. 
13.78. 

Found: C. 70.99; H, 6.55; N. 13.69. 



45 

Example 116 

(3R-tran8)-3>Dlhydro-3-hydroxy-2,2-dim6thyl-4-[N-[(5-methyl-1H-pyrazol-3-yl)methyl]phenylamino]- 
2H-1-benzopyran-6-carbonltrlle 

60 
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M.P. «C (solvent) 


Rotation [ah^ 


Analysis 


110-120 


+30.8 (MeOH) 


Calculated for C23H24N4O2 O.78 H2O: C. 68.63; H, 6.40; N, 
13.92. 

Found: C. 69.06; H, 6.46; N. 13.50. 


Example 117 






(3R-trans)-4[N-[(1,3-Dlmethyl-1H-pyi^ol-5-yl)methyl]phenylamtno]-3Adlhydro-3-hydrox^^ 
thyl-2H-1-benzopyran-6-carbonitrile 




O 




M.P. <»C (solvent) 


Rotation [ah** 


Analysis 


108-115 


+7.9 (MeOH) 


Calculated for C24H2«N4O2 0.50 H2O O.3O C4HSO2: C, 
69.11; H. 6.77; ,N. 12.79. 

Found: C, 69.20; H, 6.63; N. 12.74. 



Example 118 

[3R-[3a,4p-(Z)]]-4-(N-(2-Amino-4-oxo-2-pentenyl)phenylamlno]-3,4-dlhydro»3-hydroxy-2,2-dlmethyi< 
2H-1-benzopyran-6-carbonltrlle 
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M.P.'C (solvent) 


Rotation [ab^ 


Anatysis 


188-190 


-52.0 (MeOH) 


Calculated for CssHzbNsOs: C. 70.57; H. 6.44; N, 10.73. 
Found: C, 70.34; H, 6.52; N, 10.47. 



10 
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40 
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SO 



Claims 

1 . A compound of the formula 
I 



or such a compound in pharmaceutically acceptable salt form, wherein 
25 a. b and d are all carbon atoms or one of a, b and d is a nitrogen atom or -N(0)- and the others 

are carbon atoms; 

Y is a single bond, -CHa-, -C(0)-, -0-. -S- or-N(R»)-; 
is aryl or heterocydo; 

R2 is -C00R8, -CO-amino, -CO-substituted amino, amino, substituted amino. -NR^CO-amino, 
30 -NR«CO-substituted amino, -NR8C0R« -NRSSOzR^, -NR8(C=NCN)-amino, -NR«(C=NCN)-substltuted 

amino, 

-P(0-alkyl)2 . -^'o-^C -l-^^ 



-SR8, -SOR« -SOzR* -OR* cyano, heterocydo, pyridlne-N-oxIde, -CH(OR»)2. 



Rt o 




(where Z is O or H2) or 



-C=CH-C-R*; 



55 R3 is hydrogen, hydroxy or -0C(0)R8; 

R^ and Rs are each independently hydrogen, alkyl or arylalkyi, or R^ and Rs talcen together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocydic ring; 

R« is hydrogen, allcyl, haloalkyi, allcenyl, alkynyl, cydoallcyl, arylallcyl. (cydoallcyl)alkyl. -CN, -NO2. 
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-COfV, -COOR». -CONHR* -CONRbR". -CF,. -S-alkyl. -SOaM, -SOjalkyI, 



O 

-P(0-aIkyl)2 . 

halogen, amino, substituted amino. -O-alkyi, -OCF3, •OCH2CF3, -OCOalkyI, -OCONR^alky). -NR^Oalkyl, 

-NR^COOalkyl or -NR^CONR^, tetrazolyl, Imidazole, oxazole or triazole; 

R7 is hydrogen, alkyi, hydroxy, -O-alkyI, amino, substituted amino, -NHCOR^, -CN or-N02: 

R8 and R« are independently hydrogen, alkyl. haloalkyi, aryl, arylalkyl. cycloalkyi or (cycloalkyl)al- 

kyl; 

X is alkyl; or X-R^ together can be hydrogen, aryi or heterocydo when R^ is heterocycio; and 
n is an integer of 1 to 3. 

A compound of Claim 1 wherein 
a, b and d are carbon atoms; 
X is alkyl; 

Y is a single bond or -0-; 
R^ Is aryl or heterocycio; 

R2 is -COOR8 -COamino, -CO-substituted amino. -NHCOCH3. -NHSOzMe, -NHCONH2, -NH 
(ONCN)NH2> Imidazole, furan, pyridine, oxazole, hydroxy, -NHCO>substituted amino or -S02Me; 
R3 Is hydroxy; 
R^ and R^ are methyl; 

R" Is cyano, -NO2, -CF3, halo, alkyl or tetrazol; and 
F7 is hydrogen. 

A compound of Qaim 1, which is: 

trans-[(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenylamino]acetic 
acid, ethyl ester, 

(3S-tFansH(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenylamlno]aceti 
acid, ethyl ester, 

(3R4ran8H(6-cyano-3,4-dihydro-3-hydroxy-2,2-dlnri6thyl-2H-1-benzopyran^^ 
acid, ethyl ester; 

trans-[(6-cyano-3,4-dihydro-3-hydroxy-2,2-<Jinriethyl-2H-1-benzopyran-4-yl)phenylamino]aceticac^ 

(3R-trans)-[(6-cyano-3,4-dihydro-3-hydioxy-2.2-dimethyl-2H-1-benzopyran-4-yl)(4-fluorophenyl) 
amino]acetic acid, ethyl ester, 

(3R-trans)-[(6-cyano-3,4-dihydra-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)(4-chlorophenyl) 
amlno]acetic acid, ethyl ester, 

(3R-trans)-[(6-cyano-3,4-dihydro-3-hydrDxy-2,2-dimethyl-2H-1-berizopyFan-4-y1)phenylamino]acet- 

amide; 

(3S-trans)-3,4Kllhydr(>-3-hydrQxy-2,2-^irnethyl-4-[(4-phenyl-2-tNazolyl^ 
carbon itrile; 

(3R-transV3,4-dihydro-3-hydroxy-2,2<JlmethyM-[(4-phenyl-2-thiazolyl)amino]-2H-1-benzopyr^ 
carbonitrile; 

(3R-trans)-tr4-[3,4^ihydro-3-hydroxy-M-<limethyl-6-(1H-tetrazd-5-yl)-2H^ 
aminojacetic acid, ethyl ester; 

(3R-trans)-2[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)phenylami- 
nol-N-ethylacetamlde; 

(3R-trans)-3.4-dihydro-3-hydroxy-2,2-dimethyt-4-[N[2-(1-pyrrolidinyi)-2-oxoethy1]phenylamino]- 
2H-1-benzopyran-6-carbonitrile; 

(3R-trans)-3,4-dihydro-3-hydroxy-2,2-dimethyl-4-[N[2-(4-morpholinyl)-2-oxoethyi]phenylamino]- 
2H- 1 -benzopyran-6-carbonitr1le; 
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(3R-trans)-[N-(6-cyano-3 ,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenytainino]- 
N-(2-furanylmethyl)acetamide; 

(3R-trans)-[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopy^ 
N-[2-(4-morpholinyl)ethyl]acetamide; 

(3R-trans)-4-[(4-fluorophenyl)(2-hydroxy-2-methylpropyl)amino>3,4-dihydro-3-hydroxy-2«2-dim 
thyl-2H-1 -benzopyran-6-carbonitrile; 

[3R-[3a,4b(R^I]-4-((4-fluorophenyO(2-hydroxyprDpyi)aminop3,4-dihydro^ 

1- benzopyran-6-carbonitrile; 

(3R-trans)-[(6-cyano-3.4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)(4-methy^ 
zolyl)amino]aoetic acid, ethyl ester; 

(3R-trans)-4-[N-(2-benzoxazolyl)-N-(2,2-dlmethoxyethyl)amino]-3.4-dihydro-3-hydroxy-2,2-d 
ethyl-2H-1-benzopyran-6-carbonitrile; 

(3R-trans)-4-[N-I1.3Klihydro-1,3-diQXD-2H-isoindol-2-yl)ethyl]^^^ 

2- d i methyl-2H- 1 -benzopyran-6-carbonit ri le; 

(3R4rans)-4-[N-(2-aminoethyl)phefYylamlno]-3,4-dihydro-3-hydroxy-2,^^ 
6-carbonitrile; 

(3R-trans)-[(6-(^no-3,4-dihydrc>-3-hydroxy-2,2-dimethyl-2H-1-benzopyrai^ 
acid, ethyl ester; 

(3R-tran8)-3-[N-(6-cyano-3»4^lhydro-3-hydroxy-2.2-^lmethyl-2H-1-benzopyran-4-yl)phenyla 
propanoic acid, ethyl esten 

(3R-trans)-3,4-dihydi^3-hydroxy-4H3sK(1H-imidazol-2-yl)methyl]phenylaniino]-2,2-d 
benzopyran-6-carbonltrile; 

(3R-trans)-4-{[2-(acetylamlrK))ethyQphenyiamlno]-3,4-dihydro-3-hydroxy-2 ,2-d 1 methyl-2 
pyran-6-carbonitrile; 

(3R4rans)-[2-[N-(6-(^no-3,4-dihydit>-3-hydroxy-2,2-dimethyl-2H-1-benzopyFar^ 
ethyQurea; 

(3R-trans)-N-[2-[N-(6-cyano-3.4-dihydiio-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)phenyl- 
amino]6thy1]methanesulfonamide; 

(3R-trans)-N"-cyano-N-[2-[[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4- 
yl)phenylamino]ethyl]guanidine; 

(3R-trans)-2[N-(6-cyan(>-3,4-dlhydio-3-hydroxy-2,2-<iImethyl-2H-1-benzopyran-4-yl)pheny^ 
N-(2-hydroxyethyl)acetamide; 

(3R-trans)-4-[4-chloro-N-[(1H-imldazol-2-yl)methyl]phenylamlno]-3,4-dihydro-3-hydroxy-2,2- 
dimethyl-2H- 1 -benzopyran-6-carbonitrlie; 

(3R-trans)-4-[4-fluoro-N-[(1H-irnidazol-2-yl)methyt]phenylarnino]-3.4-dihydro-3-hydroxy-2,2-dh 
methyl-2H-1-benzopyran-6-carbonitri]e, mono hydrochloride; 

(3R-trans)-4-[N-(2-furanylmethyl)phenylamlno]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzo- 
pyran-6-carbon it rile; 

(3R-trans)-4-[N-(2-furanylnnethyl)phenylaminol-3,4-dihydro-3-hydroxy-2.2-dimethyl-2H-1-benzo- 
pyran-6-carbon it rile; 

(3R4rans)-4-[N-[(4,5-dihydro-2-^3xazdyl)methyl]phenylamlno]3,4-dihydro-3-hydroxy-2,2-^ 
2H- 1 -benzopyran-6-carbonit rile; 

(3R-transH(2-benzoxazolyO(6-cyano-3,4-dihydro-3-hydroxy-2;2-dlniethyl-2H-1-benzopyra 
amino]acetic acid, ethyl ester, 

(3R-trans)-4-[(2-benzoxazolyl)(2-pyridinylethyl)amino]-3,4-dlhydro-3-hydroxy-2,2-<llmethyl-2H-1- 
benzopyran-6-carbonitrile; 

(3R-trans)-4-[(2-benzoxazolyl)(2-furanomethyl)amlno]-3.4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1- 
benzopyran-6-carbonitrile; 

(3R-trans)-4-[(2-furanylmethy1)(2-CKazdyl)anrilno]-3,4-dihydrx>-3-hy^ 
pyran-6-carbonitrile; 

(3R-trans)-4-[N-(cyanomethyl)pheny1ainino]-3,4-dlhydro-3-hydroxy-2,2-dlnfiethyl-2H-1-benzo- 
pyran-B-carbonitrile; 

(3R-trans)-4-[N-(cyanoethyl)phenylamino]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran- 
6-carbonitrile; 

(3R-trans)-3.4-dihydro-3-hydroxy-4-[N-(2-methoxyethyl)phenylamino]-2,2-dimethyl-2H-1-benzo- 
pyFan-6-cart>on itrile; 

(3R-cis)-[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)phenylaniino]- 
N-ethyl-acetannide; 
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(3R-trans)-3,4-dihydrx>-3-hydroxy-2,2-dlmethyl-4[N-[(5>methyl-3-isoxazdyl)methyl]phe 
2H- 1 -benzopyran-6-carbonitrile; 

(3R-tran8H-[(4-fluorophenyl)[(5-methyl-3-i80xazolyl)methyl]amino]-3,4-dihydr^ 
dimethyl-2 H' 1 -benzopyran-6-carbonitrile; 

(3S-cis)-2-[N-(6-cyano-3,4-dihydro-3-hydroxy-2.2-dimethyl-2H-1-benzopyran-4-yl)phenylam 
N-ethyl-acetamide; 

(3R-trans)-[[I5-[[(3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)(4-fluorophenyi)am 
no]methyl]-2-f uranyl]methyl]amino]acetic acid, ethyl ester, mono hydrochloride; 

(3R-trans)>4-[(4-fluoroph6nyl)a5-(hydroxyrnethyl)-2-furanyl]methyi]arnino]-3.4-dihydro-3-hydro- 
xy-2,2-dimethyl-2H-1-benzopyran-6-carbonitrile; 

(3R-trans)-[(6-cyano-3,4-dihydro-3-hydroxy-2,2>dimethyl-2H-1-benzopyran-4-yl)phenylamino] 
acetic acid, n-butyl ester; 

(3R-trans)-[N-(6-cyano-3,4-dihydix>-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenylam 
N-phenylacetamide; 

(3R-trans)-4-[N-(2-furanylmethyOphenylamino]-3,4-dihydro-2,2-dlmethyl-6-(1H-tetra^^ 
1-benzopyran-3-ol; 

(3R4rans)>3.4-dlhydro-3-hydroxy-2,2-dimethyt-4-[N-[(5-methyl-3-isoxazdyl)methyl]phen^^ 
2H-1-benzopyran-6-carbonitrlle; 

(3S-trans)-3,4-dihydro-3-hydroxy-4-[N<(1H-imidazol-2-yl)methyl]phenylamino]-2,2-dimethyl-2H- 
1-benzopyran-6-carbonitnle; 

(3R-trans)-3,4-dlhydro-3-hydroxy-2,2-dimethyl-4-[N-(2-oxazolylmethyl)phenylamlno]-2H-1-ben- 
zopyran>6-carbonitrile; 

(3R-trans)-2[IN-(6-cyano-3.4-dihydro-3-hydroxy-2.2-dlniethyl-2H-1-benzopyran-4-yl)phenylami- 
no]methyl]-4-oxazolecarboxyllc acidethyl ester, 

(3R-trans)-2[[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dlmethyl-2H-1-benzopyran-4-yl)phenylami- 
no]methyl]-4-oxozo!ecarboxyllc acid mono sodium salt; 

(S*,R*)-N-[[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenyiamlno] 
acetyl]- L-serlne, methyl ester; 

(3R-trans)-4[N-[(5-methyl-1,3,4-oxadiazol-2-yl)methyl]phenyiamino]-3,4-dihydro-3-hydroxy-2,2-d- 
imethyl-2H-1-benzopyran-6-carbonitrile; 

(3R-trans)-4-[(4-chlorophenyl)(2-oxazolylmethyl)amino]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H- 
1 -benzopyran-6-carbonitrile; 

(3R-trans)-4-[N-(1H-benzimldazol-2-yimethyl)phenylamino]-3,4-dlhydro-3-hydroxy-2,2-dimethyi- 
2H-1-benzopyran-6-carbon[trile; 

(3R-trans)-4[(2-benzoxazolyl)[2-(4-morpholinyl)ethyi]aminoP3,4-dihydro-3-hydroxy-2,2-dimethyl- 
2H-1-benzopyran-6-carbonitri]e; 

(3R-trans)-4-[(2-furanylmethyl)(2-pyrlmldlnyi)amino]-3,4-dlhydro-3-hydroxy-2,2-dimethyl-2H-1- 
benzopyran-6-carbonitrile; 

(3R-trans)-3.4-dihydro-3-hydroxy-2,2-dimethyl-4-I(2-pyrazinyl)-(3-pyridinylmethyl)amino}-2H-1- 
benzopyran-6'carbonitrile; 

(3R-trans)-3,4-dihydro-3-hydroxy-2,2-dimethyl-4[(3-pyridinylmethyl)(2-pyridinyl)amino]-2H-1- 
benzopyran-6-carbonitrile; 

(3R-trans)-4-[(2-benzoxazoiylK2-pyr1dinylmethyl)-amino>3,4-dihydro-3-hydrDxy^ 
benzopyran-S-carbonitrile; 

(3R-trans)-3,4-dihydro-3-hydroxy-2,2-dimethyl-4-[(2-pyrimidinyl)(2-pyridinylmethyl)amino 
benzopyran-6-carbonitriie; 

(3R-trans)-4-[(4-fluorophenyl)(2-pyridinytmethyl)amino]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H- 
1 -benzopyran-6-carbonitrile; 

4-[4-ftuoro-N-(1H-imidazol-2-ylmethyl)phenylamino]-3,4-dihydro-2.2-dimethyl-2H-1-benzopyFan- 
6-carbonitrile; 

(3R-trans)-4-[{4-fiuorophenyl)(2-pyrimidinyl)amlno]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1- 
benzopyran-6-carbonitrile. monohydrochloride; 

(3R-trans)-4-[(2-furanylmethyl)(2-pyrazinyl)amino]-3,4-dihydro-3-hydroxy-2,2-dlmethyi-2H-1- 
benzopyran-6<carbonitrile; 

(3R-trans)-4-[(2-benzothiazolyl)(3-pyridinylmethyl)amino]-3.4-dihydro-3-hydroxy-2,2-dimethyl- 
2H- 1 -benzopyran-6-carbonitri le; 

{3R-trans)-4^(4-fluorophenyl)(3-pyridinylmethyl)amino]-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H^ 
benzopyran-6-carbonitrile; 
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(3R-trans)-4-[(2-ben20thiazolyl)(3-pyridinylmethyl)amino]-3,4-dihydro-3-hydroxy-2,2-dimethyl- 
2H-1-benzopyran-6'Carbonitrile, 1-oxide; 

(3R-transH-[(4-chlorophenyl)[2-(4-morpholinyl)ethyl]am(no^3.4-dihyd^ 
2H-1-benzopyran-6'Carbonitrile, monohydrochloride; 

(3R-trans)-4-[(4-fluorophenyl)[2-(4-morpholinyl)ethyf]amino)-3.4-dihydro-3-hydra 
2H-1-benzopyran-6-carbonitrile, monohydrochloride; 

(3R-t^ans)-H(S^Olt)-a-pyridazinyO[2-<4^TX)fphdinyi)ethyl 
2H-1-benzopyran-6-cartx>nitriie, hydrochloride; 

(3R-transH[(2-benzothiazolyl)(1H-imldazol-2-ylmethyl)amlno]-3,4-dihydro-3-hydroxy-2,2-^ 
thyl-2H-1 -benzopyran-6-carit)onitrile. monohydrochloride; 

(3R-trans)-4-[(6-chloro-3-pyridazinyl)(1HHmldazd-2-ylmethyl)amino>3.4-dihyd^ 
dimethyl-2H-1-benzopyran-6-carbonitrile, monohydrochloride; 

(3R-trans)-4[(5-trifluoromethyl-2-pyridinyl))(1H-imidazol-2-ylmelhyl)amino]-3,4-dihydK>-3-hydro- 
xy-2.2-dimethyl'2H-1-benzopyran-6-carbonitrile, monohydrochloride; 

(3R-trans)-3.4-dihydro-3-hydroxy-2.2-dlmethyl-4-[[2-(4-morphollnyl)ethyl](4-phenyl-2-thiazolyi) 
amlno]-2H-1-benzopyran-6-carbonitril6, monohydrochloride; 

(3R-trans)-3.4-dihydro-3-hydroxy^(1H-lmidazol-2-ylmethyl)(4-phenyl-2-thiazolyl)amino]-2,2-^^ 
imethyl-2H-1-benzopyran-6-carbonltrile; 

(3R-trans)-3,4-dihydro-3-hydroxy-44(1H-imidazol-2-yl-methyl)-(4-methyi-2-thiazolyl)am 
lmethyl-2H-1-benzopyran-6-carbonitrile; 

{3R-trans)-N-[2-[N-(6-cyano-3,4-dlhydro-3-hydroxy-2.2-dlmethyl-2H-1-benzopyran-4-yl)phenyla- 
mlno]ethyl]-2,2-dlmethyl-propanamide; 

(3R-trans)-N-[2-[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenyla- 
mlno]ethyl]-N'-phenylu rea; 

(3R-trans)-N-[2-[N-(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)phenyla- 
mino]ethyl]-1-pyrrolidine-carboxamide; 

(3R-trans)-3Adlhydro-3-hydroxy-2^-dinf»thyl-4[N-[(2-oxo-1-pyrrolidln^^^ 
benzopyran-6-carbonitrile; 

(3R4rans)-II(6-cyano-3.4^lhydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)(4-fluorophenyl) 
amlno]methyl]phosphonlc acid, diethyl ester 

[N-(4-clorophenyl)-N-(6-cyano-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-4-yl)amino]acetic 
acid, ethyl ester; 

4-[(4-dorophenyl)(1H-imidazd-2-ylnr)ethyl)amino]-3,4-d!hydro-2,2-dimethyl-2H-1-benzopyran-& 
carbonitrile; 

(3R-trans)-3,4-dihydrD-3-hydroxy-2,2-dimethyl-4[N-I(3-methyl-1,2.4-oxadia2ol-^ 
amino]-2H-1-benzopyran-6-carbonitrile; 

(3R-trans)-4-[(4-chlorophenyl)[(3-nriethyl-1,2,4-oxadiazol-5-yl)methyl]amino)-3.4-dlhydro-3-hy 
2,2-dimethyl-2H-1-benzopyran-6-carbonltrile; 

(3R-trans)-4[(4-fluorophenyl)[(3-methyi-1.2,4-oxadlazo!-5-y!methyl]amlno]-3,4-dihydro-3-hydroxy- 
2,2-dimethyl-2H-1>benzopyran-6-carbonttrile; 

(3R4rans)-[N-[3,4-dihydro-3-hydroxy-2,2-dlmethyl-7-(trifluoromethyl)-2H-1-benzopyran-4-yl]phe- 
nylamino]acettc acid, ethyl ester; 

(3R-trans)-3,4-dlhydro-3-hydroxy-4-[N-{[3-(hydroxymethyl>-1,2,4-oxadiazol-5-yl)methyl]^ 
mino]-2,2-dimethyl-2H-1-benzopyran-6-carbonitrile; 

(3R-trans)-[N-[3,4-dihydro-3-hydroxy-2,2-^inriethyl-8-(trifluoronriethyl)-2H-1-benzopyr^ 
nytamino]acetlc acid, ethyl ester; 

(3R-trans)-4-[(4-chlorophenyl)[I3-(hydroxymethyl)-1.2,4K>xadlazd-5-yl]methyl]a^ 
hydroxy-2,2-dimethyl-2H-1-benzopyran-6-carbonitrile; 

(3R-transH-[(4-fluorophenyl)[[3-(hydroxymethyl)-1,2,4-oxadiazol-5-yl]methy^ 
hydroxy-2,2-dimethyl-2H-1-benzopyran-6-carbonltrile; 

(3R-trans)-4[N-[(3-amino-1.2,4-oxadiazol-5-yl)methyl]phenylam^no^3,4-d^hyd^o-3-hydroxy-2^ 
lmethyl-2H-1-benzopyran-6-carbonitrile; 

(3R-trans)-[N-(6-benzoyl-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-y1)phenylaml- 
no]acetic acid, ethyl ester; 

(3R-trans)-[(6-cyano-3,4-dihydro-3-hydroxy-2.2-dimethyl-2H-1-benzopyran-4-yl)[4-fluoro-3-[(phe- 
nylmethoxy)carbonyl]phenyl]amino]acetic acid, ethyi ester; 

(3R-trans)-[I5-[I(6-cyano-3,4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran-4-yl)(4-fluoro- 
phenyl)amino]methyl]-1 ,2,4-oxadiazol-3-yl]methoxy]aGetlc acid; 



63 



EP 0648 758 A1 



(3R-trans)-II5-[[(4-chlorophenyl)(6-cyano-3,4-dlhydro-3-hydraxy^2,2-<Jiinelh^^ 
yl)amino]methyl]-1 ,2,4>oxadiazol-3-yt]methoxy]acetic acid; 

(3R-tran8)-[(3-caitexy<4-fluorophenyl)(6-cyano-3,4-dihydro-3-hydroxy-2,2- 
pyran-4-yl)amino]acetic acid, ethyl ester; 

(3R-trans)-4-[(4-fluorophenyl)[(2-methyl-2H-tetrazol-5-yi)methyt]amino-3,4<lihydro-3-hydrox^^ 
2-dimethy1-2H-benzopyran-6-carbonitrile; 

(3R-trans)-4-[(4-fluorophenyl)[(1-methyl-1IH-tetrazol-5-yl)methyl]amino-3,4<lihydro-3-hydroxy-2, 
2-dimethyi-2IH-1-benzopyFan-6-carbonitrile; 

(3R-trans)-3,4-dlhydix)-3-hydroxy-2,2-dimethyl-4[N-[2-methylsuifinyl)ethyl]phenylaminol-2H-1- 
l>enzopyran-6-carbonitriie; 

(3R-trans)-3Adihydro-3-hydroxy-2,2-dimethyl-4(N-(2-(methylsuifonyl)etliyl]phenylamlno]-2H-1- 
benzopyran-6-carbonitriie; 

(3R4rans)-4-[4-chloro<N-[(1H-imidazol-2-yl)methyi]phenylamino]-3,4Kiihydro-3-hydroxy-2,2-di- 
methyl-2H-1-benzopyran-6-carbonitrile, monohydrochioride; 

(3R-t rans)-4-[4-chl oro- N-[{ 1 H- i m id azol-2-yl) metliyl] plienylamino]-3,4-dihydro-3-hydroxy-2,2-di- 
methyi-2H-1-benzopyran-6-carbonitril6, liydrogensutfate; 

(3R-trans)-4-[4-chloro-N-[(1H-imidazol-2-yt)methyl]phenylamino]-3,4-dihydix>-3-hydroxy-2,2-^ 
methyl-2H- 1 'benzopyran-6-carbonitrile, methanesulfonate; 

(3R-tran8H-[4-chloro-N-[(1H-imidazol-2-yl)methyl]phenylamino^3»4-dlhydro-3-hydroxy-^ 
methyl-2H-1-benzopyran-6-carbonltrlle, phosphate; 

(3R-trans)-4-[4-chloro-N-[(1H-imidazol-2-yl)methyl]phenylamino]-3.4-dihydro-3-hydroxy-2,2-di- 
methyl-2H- 1 -benzopyran-6-carbonitriIe. nitrate; 

(3R-[3a.4p(R*)]]-3.4-dlhydro-3-hydroxy-2,2-dimethyi-4[N-[[5-oxo-1-(phenylmethyi)-2-pyrrolidinyl] 
methyl]pheny1anninol-2H-1-benzopyran-6-cart>onitriIe; 

[3R-[3a.4p(S*)]]-3.4-dihydro-3-hydroxy-2,2-dimethyl-4-[N-[[5-oxo-2-pyrrolidinyi)m^ 
mino]-2H-1-benzopyran-6-carbonltrite; 

[3R-[3a,4p(R*)]]-3,4-dihydro-3-hydroxy-2,2-dirnethyl-44N-[(5-Qxo-2-pyrrolidiny1)m^ 
mino]-2H- 1 -benzopyran-B-carbonitrile; 

(3R-trans)-4[N-[(1.5-dlmethy1-1H-pyrazol-3-yl)methyl]phenylamino]-3,4-dihydro-3-hydroxy-2,2-d- 
imethyl-2H>1-benzopyran>6-carbonltrile; 

{3R-trans)-3,4-dihydro-3-hydroxy-2,2-dlmethyl-4-[N-[(5Hniethyl-1H-pyrazol-3-yl)methyl]phenyla- 
mino]-2H-1-benzopyran-6-carbonitriie; 

{3R-trans)-4-[N-[{1 3'dirnethyl-1H-pyrazol-5-yl)methyl]phenylafnino]-3,4-dihydrc>-3-hydroxy-2,2-d- 
imethyl-2H-1-benzopyran-6-carbonitrile; 

[3R-[3a,4p-(Z)]^4-[N-(2-amlno-4Kixo-2-perit0nyl)phenylamino]-3,4-dihydro-3-hydrox^^ 
thyl-2H-1-benzopyran-6-carbonitrile; or a pharmaceuticaliy acceptable salt thereof. 

A pharmaceutical composition comprising a compound of Claim 1, 2 or 3 and a pharmaceuticaliy accept- 
able carrier. 

A compound of the formula 




or pharmaceuticaliy acceptable salts thereof wherein 

a, b and d are all carbon atoms or one of a, b and d is a nitrogen atom or -N(0)- and the others 
are carbon atoms; 

Y is a single bond, -CH2-, -C<0)-. -0-, -S- or-N(R)- where R is hydrogen, alkyi, haloalkyi, aryl, ar- 
ylalkyl, cycloalkyi or (cydoalkyl)atkyi; 
R} is aryl or heteiocydo; 
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R2 is -COOR, -CO-amino, -CO-substituted amino, amino, substituted amino, -NRCO-amino, -NRCO- 
substituted amino, -NRCOR. -NRSO2R. -NR(C=NCN)-amlno, -NR(C=NCN)-substituted amino. 



" • ^ O-alkyl 

-SR, -SOR, -SO2R, -OR, cyano, heterocydo, -CH(OR)2. 

(where Z is O or H2); 

R3 is hydrogen, hydroxy or -OC(0)R; 

R^ and RS are each Independently hydrogen, alkyi or arylalkyi, or R^ and Rs talcen together with 
the carbon atom to which they are attached fbmi a 5- to 7-membered carbocyclic ring; 

R<> is hydrogen, allcyl. haloalkyl. alkenyl, alkynyl, cycloalkyi, arylalkyi, (cycloalkyl)alkyl, -CN, -NO2. 
-COR. -COOR, -CONHR, -C0N(R)2, -CF3, -S-alkyI, -SOalkyI, SOjalkyl; 



-1Ko.aBcyl)2 , 




halogen, amino, substituted amino, -O-alkyl. -OCF3. -OCH2CF3, -OCOalkyI, -OCONRalkyt, -NRCOaikyI, 
-NRCOOalkyI or-NRCONR, tetrazolyl. imidazole, oxazole or triazole; 

R7 is hydrogen, alkyl. hydroxy. -O-alkyl, amino, substituted amino, -NHCOR. -CN or -NO2; 

X is alkyl; or X-R^ together are hydrogen, aryl or heterocydo when R^ is heterocydo; and 

n Is an Integer of 1 to 3. 

A compound of Claim 1 , 2, 3 or 5 for use as an active pharmaceuttoal substance. 

Use of a compound of Claim 1 , 2. 3 or 5 for the manufacture of a medicament for treatment of conditions 
requiring potassium channel activation. 

Use of a compound of Claim 1. 2, 3 or 5 for the manufacture of a medicament for treatment of ischemia. 
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